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I. Physical Features and Geological Structure. 

The present paper embodies the results of an investigation into the glacial phenomena of 
the Southern Uplands of Scotland, west of Annandale and Pipper Clydesdale. 

The literature dealing with the glaciation of this extensive region is very meagre. Apart 
from the Memoirs of the Geological Survey of. Scotland , only a few and scattered papers and 
occasional references hear upon the subject. These will be noted in the course of the paper as 
occasion arises. NT 

Some idea, of the physical features of the area will be gathered from the accompanying 
map. This shows that the hills trend north-east south-west and are divided into sepa- 
rate clusters by three transverse depressions. The most easterly of these is the line of 
Annandale and Upper Clydesdale, the middle one, Nithsdale, while the westerly one follows the 
valleys of the Ken, Carsphairn Lane, and Lower Doon. East of Nithsdale rise the Lowthers, 
culminating in Green Lowther (2403) ; * other hills are Queensberry (2265) and Cairn Table 
( 1944 ). West of the Nith the mountains culminate in Cairnsmore of Carsphairn (2614). 
West of the Ken lie the twin ranges of the Rhinns of Kells, including Corserine (2668), 
Meadl ( 2280 ), and Meikle Millyea (2446) • and the Merrick hills, with Shalloch on Minnoch 
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south Scotland. These ranges trend roughly north and south, and are separated by the broad 
depression which contains the lochs of Doon and Dee ; it is drained northward by the river ■ • , 

JDoott, and southward by the Cooran Lane, the head waters of the river Dee. To the south | 

these parallel ranges are cut off by Glen Trool and the Dee valley from the hills culminating | 

in Lamachan Hill (2349), Larg Hill (2216), Curlywee (2212), and Millfore (2146), and these . j 

again from Cairnsmore of Fleet (2331) and the adjacent hills by the deep valley of the Paluure ■ } 

Burn. 

On the west, the Merrick, Lamachan Hills, and Cairnsmore of Fleet fall steeply to the : 

Water of Cree and the low moorland, which stretches away to Luce Bay and the Rhinns of s 

Galloway ; Beneraird (1435) rises out of this peneplain. Eastward, this coastal plain extends j 

along the northern shores of the Solway Firth ; Annandale, Nithsdale, and the Ken valley open 
on to it, and Criffell (1866) and Bencairn (1250) rise steeply from it. 1 

The region consists of Ordovician and Silurian slates, grits, and grey waekes, with bands j 

of chert, the whole striking roughly north-east south-west. Into these have been intruded 
several granite masses, the Dee granite, flooring the depression extending from the south of 
Loch Dee to the shores of Loch Doon and between the Merrick and Kells ranges (which are 
built of the indurated Ordovician rocks of the contact zone), the Cairnsmore of Fleet granite 
stretching eastward from this hill to the banks of the river Ken, south of New Galloway ; 
the Criffell granite forming Oriffell and underlying the country extending to the south of 
Dalbeattie and to within a few miles of Kirkcudbright; the Cairnsmore of Oarsphairn granite 
forming this hill ; the Spango granite, west of the Spango hills. Smaller masses occur near 
Creetown, in the Afton Water and at the Knipe, the last two being situated south-east of 
New Cumnock, while the Mull of Galloway granite lies a few miles north-west of this head. 
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The ice radiated from Corserine and the Merrick* down the larger valleys, e.g. Glen 
Trool and the valleys of Dee and Boon. It proceeded over the Lamachan and neighbouring 
hills, as is conclusively proved by the striations and by the occurrence of boulders of the Loch 
• Dee granite on the very summit of these grey wacke mountains. On the north the ice swept 
down the valley of Loch Boon, while parallel flows proceeded to the north and north-west 
■from the hills between Cairnsmore of Carsphairn and New Cumnock, submerging Enoch Hill 
(1865), streaming down the valleys of the Afton Water and the Nith, and over Cairn Table 
and the Hagshaw Hills. The Clyde carried much of the ice from the Lowthers and Lead- 
hills. This ice overrode Tinto and the intervening hills, transporting characteristic erratics 
from the Southern Uplands to an. uncertain yet considerable distance into the Central Valley. 
Thus fragments of the white Cairn Table sandstone are strewn abundantly over the hills to 
the north and north-west, e.g. over those around the Douglas and Muirkirk coal basins and 
the Hagshaw Hills, t They have also been traced eastward as far as the Pentland Hills. j 

The existence in south and central Ayrshire of a zone some 20 odd miles in width, 
strewn with erratics from north and south ,§ shows that this area was the meeting-place of 
the Highland and Southern Upland glaciers. Under the influence of the powerful Highland 
ice,, the glaciers streaming northward from the Southern Uplands, more especially from the 
region of. the Doon, were deflected through west to south-west and caused to flow coastwise 
in south Ayrshire ; striae run parallel with the coast on the flanks of Pin bane Hill, at Downan 
Point,- and south of the Stinehar fault. || This curving of the lines of ice-flow is shown by 
the striae south of Straiton and along the valleys of the Stinehar and Girvan Water, and 
by the curving along the same course of the main track of the Loch Dee granite erratics. 

. This ice, laden with countless boulders of the Dee granite and erratics from the sedimentary 
and igneous rocks of Ayrshire, swept off this coast and on to the Rhinns of Galloway, there 
depositing its material, with fragments of marine shells and Cretaceous flints dredged from 
the floor of the sea. Over the site of Luce Bay it became confluent -with the ice which was 
flowing, in a general south-westerly course over the Machers of Wigtownshire from Glen 
Trool and the Merrick Hills. 

The trend of the ice north of Wigtown Bay was, in the main, north-south, i.e. parallel 
with- the axes of the valleys, e.g. the Grennoch, the Grobdale Lane, and the Little Water of 
Fleet. South of Gatehouse of Fleet the direction was about S. 30' W., as shown by the trend 
of- the low, elongate drumlins and the trains of felsite boulders from the north-east of 
Kirkcudbright. 

The Ken was glaciated roughly parallel with its course; thus the striae north-west of 
Castle-Douglas bear south-east, those toward the Tarff and Fleet south or west of south, in 
the region of Twynholm and Borgue south or south-south-west, near Kirkcudbright and 
Auehencairn south-east, and in the valley of the Urr south-south-east. 

The ice along the contact of the glaciers of the Nith and Ken swept over Criffell and 
the adjacent hills, for, though slates were not suited to transport, small pieces of these rocks, 
together with boulders of coarse grits and other rocks from the Silurian country to the north, 
were carried into the Criffell valleys and even to the summits. Lower Palaeozoic erratics lie 
' scattered over the granite country south of Castle-Douglas. These hills, e.g. Bengairn, are 
rounded from the north or north-west, and the vertically jointed granite has been bevelled 
in this ‘direction. In Nithsdale there was a general south-east transport of drift, 

* This was recognised, by W. Joely, “On the Evidence of Glacial Action in Galloway,” Trans. Edin. Geol. Soc., voL i 

•(1868), p. 161. . " - 

t Mml QtoL Survey, Sheet 23 (1873), p./48. t Ibid,., Sheet 15 (1871), p. 40. 

. | J. Geikie, Great lee Age, 3rd ed. (1894), p. 828. II Mem. Geol. Survey, Sheet 7 (1869), p. U. • 
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Ihey are abundant m the Iven valley, north of Smeaton Bridge, and in its feeders the 
■a&tlehn )\ a ter and the Black Mark Burn. They decrease rapidly along the Ken, becoming 
extremely rare m the south. IS one were found south-east of the Ken, below Balmaclellan, or 
thence to the In. ■ ihey were encountered in goodly numbers over Stroanpatrick, Culmark 

south-east ^ ^ Hl ®’ but ° CCUr aud at considerable intervals as traced to the 

of Fitch Hdl tr r ° P they --ii l ' e f ° Und 3treWU ° Ver the Valleys and llills t0 the summit 

tJo itJrl’ni b 7r m l rapi , 7 r T a§ f ° ll0Wed east of this. They can also be clearly 
; acti tmvaid DMmelimgton, where they merge into the stream of granite boulders from 

L ch Doom They occur at least as far north as the neighbourhood of Ochiltree. t Beyond 

. t has not been attempted to follow them. In short, they occupy a relatively narrow 

•strip of country, averaging possibly some .10 miles in width and trending north-west south 

j,s . Tbs distribution would appear to be due to the situation of the "gra it on ron on 

"■ hioh gkeierB - more 01 >- » 

The Spango granite erratics were carried to the west into the vallevs of the f, a* 

r ~ is 

Fhbfeet^ 1 Theyl ^ ^ 

1H10 bet They have also been observed at Lesmahagow. tf 0t 

^ o the south-east they occur plentifully in the Suano-o Water + t anti Ac, + -i + • 

if “‘i 

sparingly up the Wanlock Wafer for Q i; h. ^ r o . * ^ ie y were also carried 

e g. the Deutereleuch Glenbuie and nih r^^r, 0 miles »llll aQ d up its tributary valleys, 

Glemishaw,tft to an altitude of 600 feet M T q J f t ? M en » oc k Water, and m 
altitude of , 340 feet <m the „iLv eal of t! f 1, T 'Tb* '”** bo " kte “ an 

to the Loch Doon granite is donbtlie of Span^ gr nite TheJe J n„ W f Cl , n referS * 

III this district (see above) as Mr f « WTTW V, T ■ Jt 0 Locl1 Dee granite 

Knipe or AftonVater grife “aj ^dS T «f the 

"Imn SK.tot ... ■ ■ : o 
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■mi, Sheet 9 (1877), p. 37 . , nf T „ 

sl.......,,, , 

>’ P- 3K IT Ibid. : „ : : ; 

++ J. Smith, op. cit., p. 256 . • . 
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ice. The southward dispersal of these erratics is clue to the pressure of the Higliland ice from 
the north, and shows a thrust into the Southern Uplands such as is nowhere else in this 
region even approached. That this influence should be felt so far south is due to the fact 
that Upper Clydesdale led away to the north-east the southern ice from the Lowthers, etc., 
while the ice from around the Nith was naturally directed to the north-west, a weak area 
arising thereby between these valleys. A contributory cause was the southward opening of 
most of the valleys tributary to the Nith, so that their glaciers went to strengthen the Nith 
Glacier. wf. 

The granite erratics from the Afton Water and Ivnipe outcrops are found over the New 
Cumnock area and over the Carboniferous tracts to the north.* 

The distribution of the boulders from the Criffell granite is chiefly outside the area under 
review. In the Southern Uplands they are strewn over a relatively small area ; they were 
carried to the south-west to Kirkcudbright and Kirkcudbright Bay, to the south-east to the 
Solway, and to the east to Langholm, Cauonbie,f and certainly as far north as Penton in 
the Liddell valley. 

Numerous other types of rocks were used in the course of this research, of which a few 
only can be noticed here. The felsites north of Kirkcudbright are plentiful as erratics to the 
south of the outcrop, but were traced westward to the country south of Gatehouse of Fleet,: 
and eastward as far as Orroland. Felsites are widely, though sparsely, distributed over other 
regions, e.g. in the valleys of the Stinehar and Girvan Water, over all the country extending ; 
west and south-west from Straiten, and in the Rhinns of Galloway. These were derived from 
the numerous outcrops in south Ayrshire, reinforced doubtless in the drift of the Rhinns of 
Galloway by contributions from the Arran felsites. 

The hyperites form ill-defined fans. In the Machers of Wigtownshire these are spread 
out to the south and south-west from the outcrops west of Newton-Stewart, north-west of 
the Kirk of Mochrum, and east of Auchenmalg Bay respectively. 

Boulders from the basalt dykes of the Upper Clyde and its tributaries are found in ; 
varying quantities in the drifts of the valleys of this area, e.g. the Clyde, the Duneaton, Elvan 
and Glengonar Waters, and those of the intervening hills. They indicate a carry over to the 
north or north-east. The occasional boulders of basalt in Moffatdale, below Moffat, were 
derived from the dykes of this area. Cherts from the lower Palaeozoic rocks were frequently 
found as small fragments in the drifts. They are fairly plentiful in some areas, e.g. near 
Glenluee, west of Newton-Stewart, cast of Parton, in the Clyde below Crawford, and the 
Stinehar below Barr. In all cases their distribution is confirmatory of the direction of ice- 
flow given above. The Queensberry grits in Dumfries are found, in general, to the south-east 
of the outcrops. 

No erratics of the Carboniferous sandstones and conglomerates bordering the northern 
shores of the Solway, east of Kirkcudbright Bay, were noted to the north of the outcrop; they 
were carried southward into the Solway. 

The most complex drifts of this region are to be found in the Rhinns of Galloway. There 
though good exposures are relatively few, the following erratics were identified ; granite o' 
Loch Dee, Arran, and possibly Cairnsmore of Fleet ; felsites from south Ayrshire and Arran' 
New Red Sandstone and breccias from Loch Ryan and probably also from Arran ; basalts am 
dolerites from the sills and lavas of Ayrshire, and much gahbro and peridotite from the Girva) 
area ; Old Red Sandstone and Carboniferous sandstones from Ayrshire ; pieces of shale and coa) 
the latter especially in washed and sorted sands and probably derived from the western shore 

* Mem. Geol. Survey, Sheet 15 (1871), p. 38. t D. Milne Home, Tram. Hoy. Soc. Edin. (1844), p. 463. 



of Loch Ryan; black chert vein quartz from older rocks, with schist; gneiss, and quartzite 
iror^the Dairarhans ; the paisanite of Ailsa Craig; Cretaceous flints, and, more rarely chalk 
and iragiiients of marine shells. • J ' 

the S P T aillt n° f Ail r °r aig ’ in , b0th itS coarser ancT finer varieties, was first detected in 
the dnfts along the coast, a few miles north of Ballantrae. Though' its erratics occur here 

on} as inie and small pieces, they become increasingly large and plentiful as- the coast is 
followed southward toward Loch Ryan. In the Rhinns. of Galloway they were found in 
great prolusion and as boulders ranging up to 1 foot in diameter. They well also discover d 

" c s ; :::L° „ Locl ‘ f y r f of the of tlie ^ —ZT 

examined to the south. They occur along the eastefr Zee oTlocI p ” ,, v ' "? 

email chalk fragments and in their greatest numbers and largest size in the driftsTfTho 

t”'r “ T T Zn re pre3e,lt “ them ° d °™ “d beaches r Zd a ' held of 

Luce Lay and m the sandhills of Torrs Warren, etc. 6 lie ‘ ld ot 

The flints of the beaches have doubtless been derived from the wnsi-e nf +i 10 i •*. at 

sees z “ ? z -f . 1 1 f b T ,rr J £— 

north-east Ireland eithelbf sef or fe t Zb?” ‘““Ported from 

Cretaceous outcrops on tile sea-lloor between Arran and the" pr ^ f n Z Cl5 ’ de 100 feom 
ported with the marine shells and Ailsa Crff ptlanitet tl e off™ “? t ""* 

„i f thoi r * ^ 

recorded from the drifts of the Rhinn’s of Gnlkwaf { Uf “v’/ “f UZ "T” 

and m ii.osc along the flZa, silore of V Z°p ™ “T ”, «? **■ »>' °-r the Rhinns. 
gravels and in the stratified drifts to the soltl fir’ e - s i )ec ^d.y m the associated sands and 
in general, a similar dist ibn t nf , e ° - *“ ^ Bo “ lfes » f *»» g™nite have, 
by Dr D. Poksvtii || atZ r T b "“S'^onrhood of Ballantrae, and 

eastern shore of LoHh R yU °° 0, “ °™ ‘ he <* and along the 
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correlation of the several stages of recession in the different glaciers will be 
the conclusion of the description. 

The position and distribution of the moraines are shown on the map. 

As reference's will throughout be given to descriptions of those features ■ 
made by earlier workers, attention will be directed in the following discussio: 
of the moraines ; details of their form, composition, and structure will be omit 


The Cree Glacier was fed chiefly by the smaller 
valleys of the Merrick range, with considerable contr 
the hills of Lsimachan and Cairnsmore of Fleet, which If 

(a) The Monreith Series . — The most southerly mo 
gravel mounds observed in Monreith Park, west of M 
Carleton Fell,* and at Drum pail Bridge, approxima 
The sands and gravels in the Water of' Luce, at Ne 
belong most probably to this stage when a glacier was 
Glenwhilly. 

(b) The Kirkcowan Serie . 
the main road, 

near Arbrack,f and was formed by 
and slightly encroaching on its shores, 
of Wigtown Bay, occurring at Portyerrock,J north- w 
Galloway House and in places between Sorbie, 
is very well developed. Though the northern continuation 
grounds, as explained below, for believing that its line is 
of the Paver Bladnoch as far as Kirkcowan, in 
beautifully displayed. To these belong the ridges and mound 
and those about Mark Shennanton and Bladnoch Brid 
Drumbuie and east of Barnaight to Carsebuie. A slightly late 

running approximately east of Kirkcowan and west of Shennanton. Still later 
marking the ice-edge were found, one situated near Bladnoch Bridge 
through Mark Shennanton and north of the railway. All th 

or south-east of Culvennan Fell. Sweeping round its northern side the moraine is further 
developed in the sand and gravel mounds of West Culvennan, extending round Black Loch 
and westward as far as the road north of the loch. This corresponds with the outermost 
Kirkcowan moraine. A slightly later stage, of the same age as the Shennanton moraine, 
was observed east of the school. Though careful search was made on the moors between 
here and Barrhill, further certain trace of the moraine was not discovered. 

(c) The Newton-Stewart Series . — A retreat of, considerable magnitude and of an appar- 
ently uninterrupted nature carried the margin of the ice to another line of halt which is as 
sharply defined as the preceding one. The moraine of this halt is best displayed to the 
west of and about Newton-Stewart, where there is developed a fine kettle-moraine whose 
outwash fan stretches southward down the Cree. The mounds and ridges were- found at 
Minnigaff and at Broom Isle. They are best shown, however, along the road and railway 

® Mem. Geol. Survey, Sheet 2 (1873), p. 9 + lin'd. I Ibid. § Ibid., Sheet 4 (1878), p. 21. 
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L fine moraine of water-worn sands and gravels crosses 
miles north-west of the Isle of Whithorn. It runs from Prestrie to 
ice, here relatively thin, deploying over Wigtown Bay 
This moraine can be traced at intervals to the west 
est of Port Allan, in the grounds of 
Garliestown, and Kirkinner ; at Ivirkinner it 
is lost beyond here there are 
roughly coincident with the course 
which district the moraines are again 
north-west of Kirkcowan, § 
ge. They sweep from Kirkcowan to 
r line is given by the mounds 

ridges 

i second one running 
ese features occur to the east 
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running westward from Newton-Stewart to Merton Hall and Black Park, whence they trend 
.somewhat west of north for a couple of miles. A later ridge runs parallel with this about 

wl Bo? I*" 1 hi JiT r m0raines ’ a11 of this sta g e = are concentric through Challoch 
, , J , l aii,I: 7 11 ? a kter crescent P asses through Castle Stewart. To this series 
bdoug the sand and gravel mounds at The Knowe and the one west of Loch Dornal Ovm 

irrsts stz “ - - "■ - - -X 
trzzzzz ft °°T um 

& zz: g j l z & tzztzzz ztz z °t .^* 5*2 

*7 •*™‘**%? wLthie vtt 

Burn in connection with the second Haed- aC6 ’ ^ moiames were observed in the Palnure 
of mounds were mapped in the vallev ’ 0 '* e nort l oi Balnure itself, but a series 

Stewart. They swin, across the v 7 T 7 ^ ^ ^ 1 mile east of Newton- 
stones respectHe^ Itt"i^!lS ^ t? ^ ^ ° f . tbe 40 -d 39 mile- 

either extended out over the shallows of Wiat T ? acieis at an earlier P art of this stage 
just beyond the mouths of the valleys by the wifi ?&7 f- h that * tb( ; lr advance was checked, 
waters from the ice receding L th/ Ore e wf r P sea and the melt- 

and checking their further advance have not' infrequentlvTee 0108 ^ ° f glacierS 
Workman in Kashmir, t and by H. F. P EID in AlaskaM been obse ^ed, e.g. by Mb H. 

Bhe Penkill Glacier with its roots in +]->« m . • 
and Lamaehan Hills was confluent with the C • pP COmes on , tlie southern flanks of Larg 
Newton-Stewart moraines. The retreat which^ ^Tti? 1 16 tlme marbecl tile outermost 
Challoch moraine led to the , “ on f« f tbe Cree Glacier to the 

moraine is represented in the Penkill valley bv Penk 1 lU GlacteTS ^iie Challoch 

Queen Mary’s Bridge and near Cum Wien P h ^ Cross tbe Valiev above 

Garlic Wood and GlLshalloI C<>ttage ’ « on to * northern slopes near 

(cl) The Minnoch Scrip? A 

long duration was finally brought to a halted' ^ C ° ntbu0us retreat and one of 
very small intervals, mark the later rW 4 moramic mouud * and ridges, at 

Tins magnificent series, the “ sea of mounds ^ of C ° nStltute the Minnoch stage. 

Minnoch Water as far south as Glencaird n l t • . 0LLY! s P an the wide valley of the 

With T-l. They were^^l^ U ^ “ ° f -nfluenee 

rsLtr te d r rf ys rumiii!g — 

- n/r '• t0 tlie n °rth of Gar wall Hill w »„ +i *. cK aild Challoch 

Moan into the brnn 1 -i • mm was thrust westward over +L 
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The Minnocli stage is also represented in Glen Trool and in its tributary valleys which 
enter from the north. In Glen Trool itself, moraines were observed only at the lower end 
of Loch Trool for, apart from certain doubtful lateral moraines above the shores of the 
lake, any morainic mounds must now lie submerged beneath its waters. 

A large block moraine occurs at the mouth of the Garland Burn, and a similar one, 
probably of the same age, in the lower part of the Buchan Burn. In this valley moraines 
were noted, at intervals, to above Culsharg, where a fine series is developed. In the Garland ■ 
Burn beautiful morainic mounds were mapped at the Western end of Loch Valley, and again 
1-|- miles south of this. These moraines were noticed by W. Jolly. 

(e) The Carrie Series . — The Gome moraines of the glaciers which during the earlier 
phases fed the Cree glacier were noted in the Merrick and Lamachan Hills and in Cairnsmore 
of Fleet. 


2. The Fleet Glacier. 


The Fleet Glacier was nourished by the snows precipitated on the high fells of Cairns- 
more of Fleet. 

(a) The Gatehouse Series. — A number of morainic mounds and ridges curve from the 

hillsides into the valley of the Fleet over a stretch of almost 4 miles above Gatehouse 
of Fleet. , Over the floor of the valley they rise from an extensive fiuvio-glacial terrace 
which inclines gently seaward and to a certain extent masks the moraines. ! 

At the stage represented by these features the ice from Cairnsmore of Fleet extended 
in the direction of Cree town and deposited the moraines about Culcrouehie which have been 
already discussed in connection with the Cree Glacier. 

(b) The Big Water of Fleet Series. — In the Fleet valley no other moraines were 
observed below Upper Busko Cottage. Northward from here, however, over the wide 
depression extending to Gatehouse of Fleet Station and to the upper reaches of the. Big; 
Water of Fleet # and the wide Cullendoeh Moor, there is displayed a magnificent series of 
concentric mounds and ridges, crowded closely together and associated with an occasional 
esker ridge. The small morainic mounds about 1 mile east of Craigwhinnie probably 
represent the moraine of a small Corrie Glacier which was formed on the Fell of Fleet. 

(c) The Corrie Series. — These moraines are well developed in the conies east of 
Cairnsmore of Fleet. 


3. The Ken Glacier. 


The growth of the Ken Glacier was due chiefly to ice from the Bhinns of Kells, Cairns- 
more of Carsphairn; and a large affluent streaming along the valley of the Dee from the 
eastern flanks of the Lamachan and Merrick Hills. 

(a) The Soulhwich and Twynholm Series.— -The earliest stage in the Ken valley is 
represented by the morainic ridges running as a well-marked belt along the lower hill hanks 
east and north-east of Dalbeattie. They extend more or less continuously from near 
Breeonside (N.E. of Kirkguiizeon) by Glaisters, Tarkirra, Bargrug, and Loch Bearn, where 
they are magnificently developed, and round Barclosh hills to Aueheninnes Moss t (E. oi 
Dalbeattie). Farther south this stage has not been detected. To a somewhat earlier plias 
belong the morainic mounds south of this, e.g. those near the source of the Glaisters Burn 
in the March Burn, and those found about 600 feet above sea-level along the wester 
. . side of Bail Hill.} , ' : . . 

' ' * Mem. Qeol. Survey, Sheet 4 (18*78), p. '22. t IMi, Sheet 5 (1896), p.35. * t Ibid., p, 36. 


t Ibid Sheet 5 (1896), p. 35. - } Ibid., p, 36. 


• * Mem, Creak Survey, biieet 4 (1878), p. EM. T cmeet o p. iota., p, € 
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Pieces of what appear to be the same moraine are the mounds of Orroland, at an 
altitude of about 250 feet, at Rascarrel, those on the hillside north-east of Upper Hazelfield, 
and the low, gravelly mounds east of Drumgans, all in the region south-west of Auehencairn. 
At this stage the ice appears to have fanned out over the low coastal plain south of 
Dalbeattie, between Screel Hill and the western .and lower flanks of the Criffell mass ; its 
front was then thrust slightly out over the Solway Firth. Lakes were held up at this stage 
in the depressions about Beeswing; the drainage escaped by the Glensone Burn and by 
the valley falling north-eastward from Lochanhead Station. 

The numerous morainic mounds, situated south of Glenapp and laid down by ice 
retreating northward along this valley, belong here, as do also the sands and gravel mounds 
east and north-east of Twynholm, those near Tarff Station, extending with outwash 
materials as far as Ringford, and finally an occasional mound in the vicinity of Kirkcudbright. 

No other moraines of this stage were observed along the western side of the Ken, for 
in this region the ice was confluent with that from the west and -was united with it to 
form a large and broad Piedmont glacier, spread out to the south over the coastal plain. 
On the east, this ice was confluent with the Nith Glacier over the country extending north 
of the hills which lie about 4 miles west-north -west of Maxwelltown. 

(b) The Laurieston and Crossmichael Series. — The next stage is marked by the 
magnificent series of sand and gravel mounds and ridges, which extend, with their outwash 


nairn district there is displayed one of the 
ay.f They have been traced as far south as 
en valley, and less certainly to near Carlston 
m strongly l| miles above the Deugh Linn 
itted over the ground, as far north as" Drurn- 
iater intervals to the flanks of the hills north- 
mres of Loch Boon. These countless mounds 
e glacier proceeding from Meaul and Cairns- 
that flowing along the Deugh and its feeders 
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Knoekgrey and at several places' along the Deugh, e.g. above the confluence of the Benloch, 

about Knockingarroch and near Waterhead. B , f T r 

To this series also belong the moraines in the Ken, above the High Bridge of Ken 
those at Blackmark, the ridge running from Culmark to near Stroanfreggan and those w uc _ 
curve from the hillside, west of Stroanfreggan, to the south of Newnnll of Oldhouse, past 

Muirdrock Wood, to the hillside 1 mile north of this. Later mounds were noted sou i 

Craigengillan Burn, in the Polhie Burn, near Moorbroclc, and at Strahannah m the Watei 

of . 

In' the valleys leading eastward from the Rhinns of Kells the corresponding moraines 
are bnt imperfectly developed ; they occur singly above Largmore in the Garroeh Bum 

and below Dukieston in the Polharrow Burn. 

East and south-east of the Pell of Fleet this phase is represented by the relatively 
poor but easily recognisable moraines in the valley of the Grobdale ^ % 

extend as far south as Darngarroch, and in the valleys of Loch Lane and Little Wate o 
Meet, south of the railway. Here also belong the moraines m the valley of the Gle^amoc^ 
Burn,- west of Auchenhay Hill, in the Dee valley north-easKof Shaw Hill, and th °J e “ * 

the southern shores of Loch Skerrow, on the northern flanks of Airei Hill and east of Stio. 

L0Cl The glaciers converging from the north and south on Loch Dee flowed eastward along 
the Dee and westward into the head of Glen Trool. Their moraines are doubtless of this 
ao-e They include the very large ridges spanning the Dee, about 1* miles east of Lo 
D°ee the mound 2 miles east of Craigencallie, and the moraines noted at intervals m the 
Glenliead Burn descending westward from Loch Dee into Glen Trool. With these .are i tobe 
correlated the moraines near Davy’s Holm and those west of the Gooran La , .g. 

Craiglee and near Snibe Hill. , , . • , Vl „ 

(d) The Carrie Series.— The corrie stage of this glacier includes the moraines m the 

- Rhinns of Kells, Cairnsmore of Carsphairn, Pell of Fleet, and Lamachan Hills. 

4. The Nitli Glacier. 


(a) Tke- Kirkbean Series. - 


-Sand and gravel mounds were observed about Kirkbean 


oean oerics . — emu — „ . ,, 

and Mainsriddle. Poor moraines occur along the hillside between Torthorwald and KuM .we 
Station, whence they continue to the east and south-east and appear to become confluent 

with the Cummertrees moraine of the Annan Glacier. 

(b) The Dumfries Series.— Enormous kettle-moraines of typical form and composition, 
and up to 1 mile in width, are flung across the wide valley of the Kith about Dumfries. 
The outermost runs in a big curve from near Duncrow, by Loclm-bnggs hWn> ‘o Dumiues 
this town is largely built upon it. A later and less well-developed feature . eru ves . f , . .1 

hillside north-east of Dalswinton, by Kirkton, to Lmclnden Iionse, ly miles no, th-oast 
Dumfries toward the western side of the Kith valley. _ The outwash from these moraines 

extends southward down the Nitli and merges into the raised beach. 

The prolonged halt which these moraines indicate was followed by an uninterrupted 
recession during which the great composite Nith Glacier was dissolved, into two gaeieis, 
flowing respectively along the Nith and Cairn Water ; the one retreated m the direction of 

Thornhill the other of « . ■» 

(c) The Cairn Water and Closehurn Series.— The glacier in occupation of the Nith 

* Mem, Qeol Survey* Sheet 5 (1896), p. ? 6. 
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5. The Annandale Glacier. 

The Annandale Glacier was fed by ice from the Lowther Hills and from the mountains 
to the east. The country east of the Annan was not examined. 

(a) The Cummertree Series. — This typical kettle-moraine, over 1 mile in width, begins 
as a definite feature about Dalton, trending slightly east of south as far as Cummertrees, 
whence it curves to the east by Newbie to Annan, Waterfoot, and the Solway. Occasional 
branches, possibly representing retreat stages, seem to swing out of this moraine about 
Kinmount House and south-east of Dalton. 

(b) The Lockerbie Series. — Moraines were noticed north-west of Lockerbie and about 
2 miles north-west of Lochmaben ; the peculiar relief to the south of Lochmaben may 
also be, in part, morainic. To this stage would also seem to belong the esker ridges on 
either side of the dale, the one, relatively short, about 2 miles south of Lockerbie, the 
other, much larger, about 2 miles south of Lochmaben. No further moraines were noticed 
in Annandale, except the doubtful ones at Granton. 

(c) The Queensherry Series. — A series of moraines were mapped in the valleys, draining 
eastward to Annandale, below Moffat. They occur in the Garpel Water, extending at 
intervals down the valley to within 1 mile of the Evan Water. This glacier formed a 
small lake just west of Beattock Hill, which discharged southward by a dry valley into the 
Kinnel Water. Equally well developed, though fewer in number, are the moraines in the 
valley tributary to the Evan Water at Middlegill, and those in the Threepen Burn and 
Lotlian Burn, about Lothanhead and above this locality. 

(d) The Corrie Series. — These are found in the Lowther Hills. 

6. The Upper Clydesdale Glacier. 

The Upper Clydesdale Glacier was nourished by the snows on the Lowther Hills and the 
Culter Fell Range; this range Was not examined. South of the Carstairs moraine, Upper 
Clydesdale is poor in moraines, as R. Chambers * noticed. 

(a) The Elvanfoot Series. — Apart from doubtful lateral moraines and other uncertain 
morainic features observed near Lamington, about Roberton, and in the Clyde valley 
south of its confluence with the Glengonnar Water, the first indisputable moraines were 
found near Elvanfoot ; they occur on the hill-flank 1| miles south-east of Newton and nearly 
1 mile south-east of this place on the south-east slopes of Watchman Hill. Drainage 
channels connected with these glaciers were observed at Dunmoss, about 2 miles' west of 
Elvanfoot and on the south-east end of Cruereoch Hill. 

(b) The Nether Fingland Series. — Much later than these moraines are the mounds at 
Nether Fingland in the valley of the Patrail Water and the corresponding ones at Tiddle 
Moss in the valley of the El van Water, f Other moraines occur in the Daer Water, near 
its confluence with the lvirkhope Cieugh and also below, and doubtfully above, its confluence 
with the Carsehope Burn. 

(c) The Corrie Series. — These moraines occur in the Lowthers and Leadliills. 

7- The Boon Glacier. 

In the track of the Doon Glacier moraines are very few and relatively insignificant. 

(a) The Clawfin Series. — Moraines, about 1000 feet above the sea, run across the valley 

* Ancient Sea Margins (1848), p, 2X7. t Ibid., p. 218. 
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east of Dalmellington, between Benbreock and Clawfin * A small ridge occurs south of 
Straiton. 

(b) The Loch Boon Series. — As Sir A. Geikie observed, t some of the islets of Loch 
Doon “ look like tops of morainic mounds ” and may represent the summits of a submerged 
series of moraines. Occasional moraines were mapped farther south, e.g. those running 
from the north-west foot of Hoodens Hill to the Eglin Lane and, much better displayed, 
those in the Gala Lane, extending to a distance of 2 or 3 miles from the Tauchers. 
Mr J. Smith speaks of a moraine of angular blocks at the Ford of Moak, Loch Doon.J 

(c) The Corrie Series. — Corrie moraines occur in the Gala Lane and on the east of the 
Merrick. 

8. The Stinchar Glacier. 

(a) The Golmonett Senes. — Moraines have been observed at Colmonell where they span 
the valley. They can also be traced at intervals along the southern flanks of the valley, 
at a considerable altitude, to the east of this. In the Duisk they can be recognised curving 
from the hillsides into the central line of the valley, e.g. just below Barrhill, at Barbour, at 
Glenduisk, and near Pinwherry Station. North of Barrhill they were followed on the moors 
from west of Mill Loch by Botten Loch to Shalloch Well. Later and lower ones sweep from 
White Fell plantation in the direction of Barbour, and from Leggan Loch by Barbour to 
below Barrhill. These were all formed by the ice which poured from the basin of the upper 
Cree into the Duisk valley. Moraines of the same age were observed north and south-west 
respectively of Pinmore Station, and near Mark in the valley of the Muck Water. 

(b) The Corrie Series. — The corrie moraines of this glacier are those of the Cree Glacier. 


9. The Corrie Mor 


nines. 


The Corrie moraines are finely displayed in this part of the Southern Uplands. In the 
Merrieks they are specially well developed; in the west, in the corries of Crossburn and 
Kirshinnoch Burn, north and south respectively of Kirriereoch Hill, and in those at the head 
of the Kirkennan and the Knocklach Burns; on the east, as small morainic mounds in the 
Caldron Burn, about and below its confluence with the Eglin Lane. Moraines also occur east 
of Loch Twachian, under the eastern slopes of Kirriereoch Hill' and in the upper parts of the 
(Boon and Buchan Burns. 

West of the Gala Lane a fine series of corrie moraines was observed; the best were 
formed by the corrie glacier issuing from the Tauchers. They also occur west of the Bound 
LoGi of the Dungeon and the Long Loch of the Dungeon, laid down by ice from the depression 
south of Dungeon Hill. A series of moraines lies at the foot of Craignaw Hill. 

V In tIie Rhiuns of Kells these features were noticed at the head of the Garry horn and 
of the Polmaddy Burn around Elderholm; east of and around Loch Harrow, east of Loch 
Mmnoch, and m the upper part of the Folk Burn. They are also well shown around Loch 
IJ^geon, up the Hawes Burn toward Corserine, and in the corrie situated east of Meikle 

. Mulyea and drained by the Minnigall Lane. 

* Hills the moraines lie in the corries east and west of White Hill 

of the Penkil.1 Burn and south of Cairngarroch. ; ' ' ’ 

In tiie Canmamore of Fleet a fine suite was noticed, especially, i 


/f Mm * p* ■%, ■ ; , 

% MnL Anmc, 




in the corries on the eastern 

land, 3rd ed. (1901), p. 350. 
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side, e.g. at the head of the Mid, Carrouch, and Cuthiemore Burns. They were also found, 
though smaller, in the corries west of Meikle Mulltaggart and south-west of Craignelder. 

In the Gairnsmore of Carsphairn and adjacent hills a number were also mapped. They 
were formed sporadically on the western slopes of Gairnsmore of Carsphairn; in the Pol’s hat 
Burn, in the Poldores Burn, and at Beninner Gairy ; in the Bow Burn and. at Gairy of 
Cairnsmore ; at the foot of the east and west slopes of Moorbrock Hill ; in the Keoch Lane , 
in the Holm Burn, where they are most finely displayed,* and can be traced as far south as 
Nether Holm of Dalquhairn ; on the western flanks of Coranbae Hill ; at Manwhill f and for 
about 1 mile below this place ; in the corrie north of Meikle Dibbin Hill ; above Shinnel- 
head ; in the Snout and Lorg Burns, east of Polskeoch ; doubtfully at the head of the Sear 
Water ; in the Afton Water near Montraw and in the Montraw Burn ; east of Struthers Brae 
and at intervals of about half a mile in the Craig Burn. 

Small corrie moraines were found to be singularly scanty in the Lowtlier Hills. They 
were mapped among other places at the Dalveen Pass, in the Glen Franka Burn ; in the 
Shortcleugh Water, near Windgate Foot, near the confluence of the streams north-east of 
Windy Knoll ; in the Pdccart and Lang Cleugh, south-east of Green Lowther and near the 
head of 'Lothan Burn. They were also observed in the valleys draining the southern slopes 
of Queensberry ; in the Water of Ae near Craigshiels ; in the Deer Burn and on the hillside 
where the Pishnaek Burn enters the Ae. Later ones were found west of Muir Hill and on 
the flank of the Ae Valley between the tributaries of the Clerk Grain and Aen Grain. 

In the Capel Burn, flowing from the western slopes of Queensberry, lateral moraines are 
well shown. The water issuing from this glacier was apparently impounded to form a lake 
south-west of the Law, by a glacier standing in the valley of the Garroch Water. This glacier 
produced marginal drainage channels and deposited coarse gravels with interbedded sands on 
the face of the hills east of Locherben,* north of Garroch at 1000 feet, and also north of 
Locherben and east of Mitchell slacks. It was very difficult to decide whether this was a local 
o'lacier or the edge of more powerful ice from the west. 

A small corrie moraine was noticed at the north-east of Criftell. Earthy and gravelly 
deposits near the sources of the streams are possibly morainic. § Moraines were found at the 
mouth of the Devil’s Beef Tub in the Moffat V ater. 


IV. Correlations op the Morainic Stages. 

The moraines of the different glaciers have now been described ; their distribution is 
brought out on the map. It is now proposed to discuss the correlation of the moraines of 
these’ widely separated regions, and so fix the limits of the glaciers at the various stages 
of recession. The criteria which have served as guides in this attempted correlation are 
considerations of relief, i.e. altitude and valley extent, the relative, sizes of the glaciers 
measured in surface extent, the type of moraine, and the geographical position. The best 
method would doubtless be the determination of the altitude of the snow-line ; but as the 
snow-line can only be worked out from the moraines, this method is obviously _ impracticable. 
Correlation, difficult under the best conditions, is rendered still more so by the incompleteness 
of the record ; gaps, generally short hut frequently of considerable length, interrupt, for reasons 
seldom determinable, the continuity of the moraines. Glaciers fed by the snows of the same 

* Men. Geol. Survey, Sheet 15 (.1871), p. 40. Here are described some of the other moraines noticed m this paragraph, 
j. rhid Sheet 9 D877), p. 39 ; others in this area are described on pp. 40, 41. 

I Ibid’, p, 43 ; here regarded as raised beaches. § Mem.. Geol. Survey, Sheet 5 (1896), p. 36. 
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hills, possessing the same aspect and flowing on parallel courses, have produced in the one case 
a magnificent series of morainic mounds and ridges strewn thickly over the sides and floor of 
the valley for a distance of several miles, while in the other valley there is a complete absence 
of moraines, though presumably the same periodic or unperiodic halts marked its recession. As 
instances of this striking contrast may be cited the valleys of the Euchan and Kello Waters, 
west of Sanquhar, and those of the Garpol and Kinnel Waters, west of Moffat. 

Another cause of uncertainty is introduced by the closely related fact that a large and 
conspicuous moraine, to all appearance the product of a prolonged and important halt, may 
apparently elsewhere be represented by a ridge of very attenuated character and insignificant 
appearance. A further difficulty is caused by the occurrence, as in the case of the Cree and 


Ken Glaciers, of large glacial centres situated on their flan! 


fcs. 


The Cree Glacier has been chosen as a standard of comparison, as here the moraines are 
quite distinct, sharply defined, and well distanced, and the relief of the bed of the glacier 
relatively simple. In connection with this glacier, as already pointed out, there were observed 
five stages : (a) tlie Monreith Stage ; (b) the Kirkcowan Stage ; (c) the Newton-Stewart Stage ; 
(d) the Minnoch Stage ; (e) the Corrie Stage. The names of these stages will be used to cover 

all the corresponding moraines of the valley glaciers of this region. 


(e) The Corrie Stage, 

The coirie moraines of all these mountain centres may, with little apprehension, be 
regarded as of the same age, for, generally speaking, in those mountains which have ’the 
greatest elevation the corrie moraines attain their maximum development and horizontal and 
vertical distance from the corrie walls, while in the lower hills they extend to only a small 
distance. In almost all cases they are best displayed in the corries facing north or east, e.g. 
in the Merrick and Kells ranges, the Lamachan Hills, Cairnsmore of Fleet, Cairnsmore of 
Carsphairn, and the Lowther Hills. This is modified in certain cases, for example in that 
part of the Merrick range south of Shalloch on Minnoch and about Kirriereoch where the 
moraines are well developed in the west, and but indifferently, if at all in the east This 
departure from the general rule is doubtless due to the relief; on the west, large valleys 
penetrate into the hills: on the east, these fall steeply as one face, more or less continuous 
and m general alignment. Similar relief conditions characterise the Kells range - here how- 
eve^the valleys face east and so have emphasised the normal tendency, bringing about the 
striking contrast presented by the magnificent corrie moraines of the east, e.g. the Dungeon 
moraines and the diminutive and scanty moraines of Elderholm in the west 
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is an additional complication. To this stage doubtless belong the Kirkconnel series of the 
Nith Glacier, the Big Water of Fleet series of the Fleet Glacier, and the Nether Fingland 
series of the Upper Clydesdale Glacier. 

(c) The Newton-Stew art Stage. 

At this stage of the Gre'e Glacier the Merrick and Lamachan Glaciers were united in 
the valley of the Cree, the front of the confluent ice extending from Newton-Stewart to 
The Ivnowe. As can be readily gleaned from the map, an extension (in inverse order) 
of the Cree Glacier from the Minnoch stage to Newton-Stewart would carry the ice in 
the upper Cree down the Duisk as far as Colmonell ; that the ice along the line of union 
was not thrust farther than The Knowe is due to the obstruction of Garwall Hill. These 
series may be safely correlated. With this stage it would also seem safe to link up the 
Gatehouse series of the Fleet Glacier and the Laurieston and Crossmichael series of the 
Ken Glacier and the Cairn Water and the Closeburn series of the Nitli Glacier. The greater 
extent of the Ken Glacier as compared with that of the Cree is clearly due to the nourish- 
ment of the first by glaciers from both east and west, while the Cree Glacier, in virtue of 
the relief, was fed only from the east. In Annandale no moraines of this age appear to be 
developed unless some of the sand and gravel accumulations near Mofiat, interpreted as 
river and outwash terraces, should prove to be morainic. This stage would seem to be 
represented in Upper Clydesdale by the Elvanfoot series. In the I)oon it is apparently 
absent (see below). 

(b) The Kirkcowan Stage. 

The Cree and Dee Glaciers were at this stage confluent and spread out as a Piedmont 
Glacier over the floor of Wigtown Bay. The Ken Glacier extended to the Southwick and 
Twynholm moraines, the Nith Glacier to the Dumfries moraines, and the Annandale Glacier 
to those of Lockerbie. 

Along the north from Upper Clydesdale to the Stinehar at Ballantrae, the ice from the 
Southern Uplands was united with that from the Highlands and from Arran. Hence along 
this belt of country moraines of this date are wanting. The same explanation would seem to 
account for the absence of moraines of the Newton-Stewart stage in the Doon, as already 
noticed, and in the area of the Lugar Water. 

(a) The Monreith Stage. 

This stage, which was represented in the area of the Cree Glacier by a series of small 
moraines, is apparently developed, except in Nithsdale and Annandale, nowhere else in this 
region; on the north all the glaciers were united with the Highland ice, ; on the south they 
deployed over the area now covered by the waters of the Solway Firth. 

The greater dimensions of the Kirkbean and Uummertrees moraines of the Nith and 
Annan Glaciers respectively, compared with the corresponding moraines of the type glacier, 
suggests that in this area only the later parts of this moraine are now to be found, and that 
the Cree Glacier extended during the earlier parts of this period of halt out on to the floor 
of the present Luce Bay. , 
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V. Readvance Moraines. 

In the foregoing description it has been tacitly assumed that the moraines represent 
merely pauses in the general recession. For reasons which it is now necessary to consider, 
some of the stages, possibly all, would appear to mark the limits of readvance of the ice 

of considerable importance and magnitude. . 

The clearest evidence for such a readvance is connected with the Kirkcowan stage, 
particularly in the region of the Oree Glacier. Mere, as an inspection of the map will 
show, the drumlins west of Wigtown Bay exhibit a striking discordance of trend, being 
divisible into two quite distinct systems, the drumlins of the one set running steadily 
north-east south-west, or approximately so, those of the other, equally uniformly north- 
north-west south-south-east, or almost at right angles to the drumlins of the first set. These 
extend from a line trending roughly from Ivirkcowan to Garliestown westward over the 
whole of the Machers to the eastern shores of Luce Bay. The second set is confined to the 
east of this tract.* If the distribution of these features be still more closely examined, it 
will be found that the two sets are mutually exclusive and that the line of delimitation is 
accurately coincident with the line of the outermost moraine of the Kirkcowan stage 
where this has been detected. It is clearly possible to insert lines across the gap between 
the stretches of moraine and coincident with this line of demarcation of the divergent 
drumlin trends which shall faithfully represent the edge of the ice in these places at the 
time when the outermost moraine of the Kirkcowan stage was being laid down. This 
shows, for example, the edge of the ice to have lain roughly along the course of the river 
Bladnoch, between Bladnoch itself and Kirkcowan. 

These two series of drumlins, the one within, the other without the moraine, demonstrate 
different directions of ice-flow over the two regions. It might be assumed that these two 
series were produced simultaneously, the one by ice flowing along the valley of the Cree, 
the other by ice flowing at a slightly higher level across the Machers. But the line of 
demarcation is so sharp, the valley of the Cree so broad, and its western slopes so gentle, 
that such an application of the “deflection principle” of Louis Agassiz and J. Geikie is 
clearly untenable. The complete absence of drumlins exhibiting intermediate trends 
militates equally clearly against the view of the successive formation of the features as the 
Cree Glacier gradually fell back into the valley of the Cree. It seems necessary, therefore, 
to conclude that the drumlins within and without the moraine are the products of two 
distinct “glaciations” separated by a retreat of uncertain magnitude. The drumlins are 
regarded as sub-glacial or englacial features. 

The corrie moraines are probably likewise due to a readvance. The writer’s attention 
was first directed to this important question by Dr J. Horne, who had recognised its 
significance during his official survey of the area. This readvance can only be detected 
where the direction .of the ice-flow during the corrie phase differed from that of the preceding 
stage, causing the corrie moraines to have a different composition from the other moraines 
of the same area. This is probably best shown in the valley which falls northward, just 
south of Loch Dee. The preceding glaciation was from the north, up the valley, and 
transported granitic material from Loch Dee on to the lower Paheozoic rocks. The later 
glacier was charged with this local material and flowed northward down the valley. 

I wo of the five stages would appear, therefore, to mark the limits of readvances, It 
stems probable that the others are likewise associated with readvances, and that more 

* (a consonance with this newer series of drumlins is the striated surface observed just east of Grange of Bladnoch.! • 
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VI. Some General Considerations. 

(a) The Late Glacial Sea-level. 

coast have been frequently described. The 25-foot beach, 
level than this figure, is generally and widely developed along 
been oftened noticed, e.g. the 40-foofc beach at Lendalfoot, 
Stinchar,* and north of Girvan ; i tlic 50-foot beach at 

elltown,|j at New and Old 
the 60-foot beach at Kilwinning,** and 
of Galloway, ft and at Ballantrae.}.* 
not made the subject of special study during this research, the 
fully noted because of the light they throw upon the 
association and relation with the glacial deposits, 
of beaches at altitudes of approximately 25, 40-50, and 60 feet is 
xistence of higher beaches is less certain and more difficult to establish 

the later beach formation, and the internal and 
of the beaches" to "the contemporaneously formed fluvio-glacial deposits. 

found associated with all the major glaciers, e.g. in the Cree, 
and in those of the north. In the past these deposits have 
raised beaches. Though their separation is b\ no means ea&) , 
iplished without too great difficulty. A fluvio-glacial, rather 
suggested by the fact that the accumulations proceed from the 
moraines, that they occur frequently at altitudes which have not 
rally accepted as the height of the Late-glacial seas of Britain, e.g. 

ave a perceptible, though sometimes 
current bedding down the valley and 


The raised beaches of tins 
usually at a somewhat lower 
the coast. Higher beaches have 
Ballantrae, the mouth of the 

Ballantrae,} between Ballantrae and Bennane Head,§ at Maxw 
Abbey, Mainsriddle, Kirkcudbright, and Gatehouse ; H 
beaches at 60— 75 feet in the Rhiuns < 

Though these were 
occurrence and distribution were care; 

Late- and Post-glacial sea-levels and their 
The occurrence 
indisputable. The e 

on account of the erosion accompanying 
external similarity c- . — — 

Outwash fans and plains were 
Dee, Nith, and Annan valleys, 
been frequently mistal 
in most cases it may be aeconr 
than a marine origin, is 
outer edges of the larger 
in recent years been gene 
at 200 or 250 feet above present sea- 
only slight fall seawards ; that the) 
are devoid of sea-shells. 

Where, as usually happens, the i 
sea-beaches, < 
impossible to 
discharging t. 


ndoubted outwash plains grade into equally mmspurame 
uting sloping upper surfaces, it was found almost 
of the sea into which the fluvio-glacial streams were 
' > of the beaches. It is this difficulty which 

the determination of the highest Late-glacial sea-level 
if not in all, this would seem to have lain between 
■level, though, as in the vicinity of Glen Luce and in a 
there are indications of a 100-loot beach, hartlier 
of this higher beach was discovered 

* J. Smith, Trans. Geol. Soe. Glasgow, xi, Suppl. (1898), p. 14. 
t Mem. Geol. Survey, Sheet 7. (1809), p. 15. 

§ J. W. Gbegoky, Scot. Geogr. Mag., xxv (1909), p. 315. 

IT Ibid., Sheet 5 (1896), p. 37. 

++ Mem. Geol. Survey, Sheet 1 (1872), p. 9. 


characteristically ex 
> ascertain the heigh 
their sediments for the building-up 
has introduced the uncertainty into U_ 
in this region. In the majority of places 
60 and 80 feet above present sea-] 
few places in the Rhinns of Galloway, 
eastward no trace 


♦ IUA. 

(I Mum. Geol. Survey, Sheet 9 (1877), p. 43. 
** J, Smith, op. cit., p. 14. 

+4 Md., Sheet 7 (1869), p. 15. 
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(b) The Origin of the Corries and TJ -valleys. 

The coastal peneplain of Ayrshire, Kirkcudbrightshire, and Wigtownshire rises inland 
to form the broad, flat-floored pass of the Nith, over the stretch from Sanquhar to Old 
Ouxnnock, at a height of about 700 feet above sea-level, of Carsphairn at an altitude of 600 
feet, and of the Doon and Dee, between the ranges of the Merrick and Kells, at a height of 
700-900 feet. 

The rejuvenated gorges dissecting this peneplain are found in the Nith between Sanquhar 
and Thornhill, in the Lugar Water about Old Cumnock, in the Clyde about Lanark, in the 
Deugh at the Tinkler’s Loup, in the Dee below Loch Dee, in the Water of Trool above Loch 
Trool, in the Duisk below Barrhill. The gorge of the Ness Glen at the north end of Loch 
Doon and the similar feature at the south end of Loch Grennoeh may be partly of sub-glacial 
origin;* 

This peneplain rises into the hills and is continuous with the floors of the lower corries. 
These in turn dissect an older peneplain of a much higher level, of which remnants only 
remain, which carries the higher cirques, as displayed in the Lowther Hills. 

As observed in the- north-west of Ireland, the corries are but the modified heads of 
rejuvenated valleys cut into the higher peneplains, while the U -valleys represent the 
widened and steepened rejuvenated gorges' dissecting in general the intermediate peneplain 
and opening on to the lower one bordering the coastal plain. 

The larger lakes, e'.g. the Lochs Doon, Dee, Trool, and Ken, mark the sites of the rock 
basins excavated by the ice in the lowest peneplain! 

(c) The Altitude of the Glacial Snow-line. 

By the application of the Partscli and other methods for the determination of glacial 
snow-lines, the following approximate values for the climatic snow-line in this part of the 
Southern Uplands were obtained ; for the Kirkcowan Stage, about 900-1000 feet above the 
present sea-level, for the Newton-Ste wart Stage, about 1200 feet, and for the Come Stage, 
about 1500 feet. 

VII. Summary op Conclusions. 

The Southern Uplands, west of Annandale and Upper Clydesdale, were glaciated in the 
main by local ice centred in the hills extending from the Merrick, Corserine (in the Rliinns 
‘ of Kells), Cairnsmore of Carsphairn, and the Lowther Hills. From this axis the ice radiated 
outward, to the south along the Cree, Ken, Nith, and Annan, to the north along the Upper 
Clyde, the Lugar, and the Doon, and to the south-west by the Stinchar and Girvan, The 
, glaciers flowing to the north-west were deflected by the northern ice in the Firth of Clyde 
. through west into south-west, and caused to pass over the Rhinns of Galloway. The glaciers 
issuing, southward from the axis were compelled by the great press of ice in the Solway 
. Firth, to which they themselves in large measure contributed, to flow south-westward 
over . the Machers of Wigtownshire, and eastward from Criffell along the northern shores of 
the Solway Firth. ' 

During the retreat the local ice split up into a series of more or less independent 

glaciers in occupation of the major valleys mentioned above. Their stage's- lof' $^c4shlbn- are 

■ *• Sir A. Uj4[K]14,£>C£hc)'i/,o/ Gotland, 3rd ed. (1901), p. 348. . • 
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indicated by well-marked moraines (see map). In the valley of the Oree these fall readily 
into five distinct stages, which, proceeding in the order of formation, were denoted as the 
(a) Monreith, ( b ) Kirkcowan, (e) Newton-Stewart, (d) Minnoch, (e) Corrie Stages, each named 
after the locality where its best development is to be found. These stages were discovered 
in the valleys of the other glaciers and have been correlated with those of the type glacier 
in occupation of the valley of the Cree. 

The absence of some of the outer moraines in the regions of the northern glaciers, from 
the Clyde to the Stinchar, is ascribed to the confluence of these glaciers at these earlier 
stages with, the Highland ice. The partial development of the outer moraines in the Solway 
area indicates in a similar manner the union of the adjacent glaciers to form a broad 1 iedmont 
fan spread over the floor of the Solway Firth. 

The moraines of the Kirkcowan Stage are shown by the discordance of the drumlin 
trends to mark a re-advance of the local ice of uncertain but possibly considerable magnitude. 
The corrie moraines likewise denote a re-advance. 

In this region the Late-glacial sea-beaches seem to be definitely traceable to a height of 
60-80 feet above the. present sea-level, less certainly in isolated instances to 100 feet. The 
higher beaches grade imperceptibly into the fiuvio-glacial outwash fans of the valley. 

Conies and U- valleys are regarded as rejuvenated features glacially modified. 

Approximate values for the glacial climatic snow-line of this area were ascertained; 
for the Kirkcowan Stage a figure of 900-1000 feet above the present sea-level was obtained, 
for the Newton-Stewart Stage of 1200 feet, for the Corrie Stage one of about 1.500 feet. 


EXPLANATION OF MAP. 

Map showing by strue and drumlin symbols oho trend of the ice over the Southern Uplands, west ol Annandale 
and Upper Clydesdale, and by morainic symbols the mode of retreat of the ice, of which five stages are Recognised. 

Relief Tints.— Uncoloured « below 1000 feet; light brown = 1000-1500 feet; dark brown = 1500-2000 feet; 
green - above 2000 feet. Scale: 1 inch - 6-J miles, approximately. 
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I. Introduction. 

£ researches into the glaciation of the western part of the Southern 
the writer accidentally stumbled upon a series of large and continuous 
ho Central Valley. Some of these had been observed and described by 
•s-probahly constituting the larger part-had either escaped detection 

L m p™hlem presented by these moraines not only required their carefnl 
,o coast, but also inevitably led to an attempt to decipher the lnstoiy of 

out of the Central Valley. , 

iese investigations are embodied in this paper. Throughout the discus- 
7 . reading extends, reference has been made to the earlier literature and 
rlier workers. This not only makes it possible to dispense with detailed 
dividual accumulations and the related phenomena, but also m gemml, 
fl qtwI lengthening of the views and conclusions to which the study 
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et of this communication are, without 
and determinable of the drift formations, 
nee of a rolling belt of country in which 
eeed each other rapidly and tumultuously 



These features show a 
Channels formed by running 


They exhibit the bold, billowy relief of the swell and sag topography, with rapid! v shifting 
curves and knobby and choppy surface, or a more subdued relief and gently undulating 
scenery. . In general, they are kettle-moraines, pitted with numerous kettle-holes of varying 
■ depth and size, marked by small lakes, marshes, bogs, or meadows n ” “ 
marked tendency to parallelism with the course of the moraine, 
water are also frequently clearly recognisable. 

In their constitution the moraines are very variable. Boulder-clay, sand, and gravel are 
found frequently in intimate association or are developed in separate areas, (ienerallv, they 
consist of water-worn sands and gravels, the coarser and finer material preponderating in 
different places. They show a special tendency to stratification where considerable drainage 
was associated with their formation, as where they crossed valleys and depressions. The 
surface is usually rougher where gravel is the chief constituent, and more softened where 
boulder-clay preponderates. Where the moraines consist of sand, they can be recognised bv 
the lighter green of the vegetation in addition to the characteristic dimples in the surface. 
Boulders are often dotted over them. 

When compact or loose boulder-clay occurs, it may be only superficial or penetrate to 
considerable depths, or even to the base of the deposit. These boulder-clay areas often show 
the characteristic morainic topography; there are, indeed, all gradations from the kame- 
morames of sand and gravel to the country with kame form, but lacking the kame structure. 

s the moraines usually skirt the hillsides they are but rarely associated with consider- 
able outwash fans ; gravel trains were observed, however, in the larger valleys leading from 
them . Irue eskers, t.e. accumulations clearly referable to the mouths or the channels of 
subglaeial streams, were occasionally noticed, e.g. at Linnhead, south of Lanark These 
features, however, are exceptional. ' 

i n Th + 6 m ™f ne ^ of the nature of true moraine, kame- or kettle-moraine, overwash 
and ou wash fans, lake deltas and floor deposits. Streams descended the ice-margin, subcfiaeial 
nvers formed eskers at their place of emergence or possibly within their walls, debris rolled 
wn or was shot over the face of the ice, while further confusion was added by subsequent 
adv.7 er ° S10U ,? deP ° S1 7 n > the overriding of earlier deposits during tmnporar 7 
o?rr ndses 1 tdTe’ resultant erosion, disturbance, stau-effects, the intercrossing 

; a f ml the coverii ;g of earlier morainic ridges by later outwash materials, 
h oscillations within the belt are shown by the overriding of outwash or overwash 

t 7 and T\ Wlth ** «“^“* intercalation ^of 
these tin ° tl0D needs to be exercised in interpreting such intercalations as 

\Tr ily 7 Ply 0SCillati0nS ’ in tMs -g- these structures seem to he 5 
on the & northern^ , f? S T ere n ° ted h 7 Professor p - K Kendall and Mr E. B. Bailey * 
places, e.g at NewmllT Qdlo f a ^ me ^ muir Hllls - They are, however, common in other 

and Glenmuir - d near Dunbar, 

by the deepening of previous! 7 J 7 ! J* marginal streams of earlier deposits, 

at their mouths by moraines or even 'tlT “g r 8' mal chMmeIs . b }’ tb c choking of these valleys 
Of these cases may. however.' be mterstahal * sub “l““ t i*WH . t Some 

melting of derehotmatrarf^h^seHai 11 ” intr ° daCed by slnm P“g. <l“c to the gradual 

by underground tlrainage. and by’ "*** ?*■ ° f lnterstitial ™ 

1 Roy - Sdin - (1908), xlvi, p. 17. 

, sukgy oi W Loikiau,” Mem. Geal. Survey (1910), p. 175 . 
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Drainage from the ice-free area contributed its quota of material, which was frequently 
fery large, as has been shown by Professor Kendall and Mr Bailey,'' - '' and added its own 
irosion effects. With a slight retreat of the ice-edge, dissection of earlier deposits by 
marginally directed streams took place, with the production of residual kamiform ridges and 
mounds, and the redeposition of the material as deltas or alluvial fans. 

The moraine is the result of vigorous drainage from a wasting ice-sheet, yet one of 
sufficient thickness and vigour of motion to enable the rapid and heavy loss to be replenished. 

In fine, these great kame-moraines may be expected to be composed of many genetically 
different formations, occasionally decipherable, usually and for the most part hopelessly 
inextricable. In their composition, variety of form, their topography and topographical 
relations these great accumulations, bounding the Central Valley on the south and festooned 
over it to the north, may be regarded as true moraines, in width, length, and form as 
characteristic and as important as the great kettle-moraines of earlier glaciations, e.g. as t rnt 
bounding the Newer Drift in North-west Europe, Switzerland, or North America. 

Comprehensively they may be termed kame- or kettle-moraine, as they were 9 r ™ ef 
marginally to the ice and were strictly controlled by it, and, speaking broadly, mark the line 
of the ice-margin at definite and important stages in the glaciation. 


Mode of Retreat. 

skirts the northern flanks of the 
coast south of St Abb’s Head 
again at Stranraer 
still extremely powerful ; 
of the Southern Uplands to an 
the west, and spread far out 


Lammermuir-Stranraer Moraine” and the 

belt described in this paper 
a. without a break, from the east 

ew Cumnock, occurring ag. 

The ice-sheet at this stage was 
1 against the slopes 
1000 feet, filled the shallow seas on 

of this moraine— the “ Lammermuir-Stranraer 
The description will treat succes- 


The outermost morainic 
Southern Uplands, extending, 
to the Clyde above Lanark and the vicinity of N 
and in the Rhinns of Galloway 
it overrode the Rentland Hills, abutted 

altitude exceeding in places - - 

over the sea-floor on the east. 

It is now proposed to describe the c 
Moraine and the subsequent retreat < 
sively of certain large regions, working fi 
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of the ice of the Lammermuir Hills as compared with the Moorfoot Hills, which might 
been expected to have caused a diminution of thickness, was apparently fully eompensat 
by the freedom from the obstruction of the Pentland Hills and the ease of How Hon 
great valley and estuary of the Forth. Only toward the extreme eastern end did if 
margin decline notably in altitude, owing, to the rapid curving, to the south-east of Dt 
ot the hills which, further westward, had. hemmed in the ice, and to the fannim- of tli. 
masses over the floor of the North Sea. 3 

,^ ie , dr f aSe /T f emeltiu S ice-sheet, reinforced by land drainage and probabl 
melt-v aters from local glaciers m the Lammermuirs * was carried by the direct ove 
valley at He riot (intake, 884 feet O.D.)f into the Gala Lane, and by\ series oi Z 

c ianne s * ailing m general, eastward along the flanks of the hills, discharo-mo- fl m il 
( 'rant s House and the Eye Water. u ° m S mi ' m 

»'Hc M rt e ich mi nltTo Strip 0f eomtl 7. occasionally a few : 
' ^ ^ north of this line of maximum readv^nop nni * i ,, i 

cfoifa 0n « the .”” ti ‘1- «onth of BortWieh bv Co t rt"n 

SLSXt 0 1 ™ L lX7T n T and “*■ Md - 

related marginal draMage features.^ Ptofessor K»o iL n and Mr together with 

TfT y** t „ *, WBth . TO 

marginal drainage channels II mav ten fa 1 C g SCn 6 1° m6> t0 § etllel ‘ w ith the assoei 

this ice at the period when ; ,T,led af h, “ ,nark “S the “orthern ed £ 

North Sea. The front of the 1)^ 01,5 V Lammermuir Hills and fanned out ov« 
Aberdeen. T “ CB "" r Ia 7 at the “ time off the coast to the eat 


2. Retreat of the “ Esh Lobe 
The ice-sheet whose edge is 
filled the Central Valley, overrod 
of the Moorfoot and Lammermuii 
the floor of the North Sea. Wh 
shrinkage took the form of a fallin: 
simultaneous lowering of its surf; 
snow- or ice-clad, began in , 
thinning of the ice, gradually 
mi entirely ic6~free 
free area in the corridor south 
not surprising when it is borne 
\% l;;:; the. west, : 

The earlier limits < * ‘ 

, These appear to be. of double ■ 


ern lee in East Loth 

>y tnese morainic and marginal d 
md Hills, rested its flanks 

was spread out to an indeter 
en climatic factors caused ; 

8 back of the souther 
ace. The highest summits < 
consequence to project as nunati 
7 increasing and causing a shadow 
zone, to arise in their lee, namely, about ; 
of the Pentland Hills should b 
m mind that the direction of i c 

Of this icc-free zone are indicated by the mor 

■ of two I ‘® ln ’i a l fr ° m ‘ he above ™uid seem pr 
corridor. beS ' WItMra " r “S *» the north 
the melting ice-lohp.s — n ... 


ramage features 
s on the northern slopes 
- wi minate distance over 
a withdrawal of the ice-sheet, the 
—rnmost edge of the ice and a 
;s °f the Pentland Hills, probably 
■ataks, their size, with progressive 
iw area of low ice-pressure, finally 
it Penicuik. That this initial ice- 
be situated so far to the east is 
‘ lce - th rust was, in the main, from 
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thrust of the ice was, generally speaking, from the north and north-east, around and over the 
north-east end of the Pentland Hills. The eastern part of the Penicuik moraine* in places 
2 miles wide, swings across the corridor by Rosebery Reservoir to the south of Temple and 
Bor th wick. The ice further east, in East Lothian, had likewise been felling back, and had 
reached the line of the Spott Burn and Eweford. The sands and gravels of the coastal strip 
south of Dunbar were formed successively,! partly as deltaic deposits, partly as true 
moraines, during this withdrawal. 

A slight retreat within the Penicuik moraine made escape by the Eddleston valley no 
longer possible. It caused the initiation, by the impounded normal drainage of the River 
Esk and the melt-waters from the ice-edge, of the dry valley, intaking at approximately 
800 feet O.D., which falls eastward to the Rosebery Reservoir, and by that running eastward 
from this reservoir, near Yorkston. This water escaped into the channel now occupied by 
the Middleton North Burn and so into the valley near Costerton. The floor of the Middleton 
North Burn lay at this stage at a considerably higher level. A slight recession in the 
Borthwick area, indicated by the large moraine running along the south-east slopes of Roman 
Camp Ridge, made possible the escape of the drainage by the Crichton Castle overflow', the 
water then flowing south of Pathhead ; the corresponding ice-front continued over Haddington 
to the northern slopes of Traprain Law and Dunbar, as is shown by the sands and gravels 
strewm along this line. 

The “ Esk Lobe ” then withdrew to the line of the big moraine, which curves from the 
eastern end of the Pentland Hills, over Roslin, Carrington, and Arniston Castle. During this 
retreat the waters impounded in the Midlothian Basin, forming “ Lake Esk,” excavated the 
channel which lies miles east of Penicuik. The surplus waters of this constantly enlarging 
lake were carried by the large valley, intaking below 600 feet, which runs from near Rosslynlee 
Station } to Stonefield, and by that skirting the eastern side of the grounds of Arniston Castle, 
escaping finally into the Crichton overflow. 

The Roslin-Carrington moraine continues by the western and northern flank of Roman 
Camp Ridge to near Ormiston, the edge of the ice extending to the north-west of Garleton 
Hill. The drainage from “Lake Esk ” escaped at this stage by the Crichton overflow into the 
Tyne Water. The dry valleys noticed by Mr G. Barrow, along the northern slopes of the 
Garleton Hills § and near East Linton, doubtless mark a slightly earlier phase than that 
represented by this line, while those north of the hill of Balgone || indicate a slightly 
later one. . 

A later moraine line traverses the Esk valley from near Loanhead, by Dalhousie Castle, 
Newton Grange, Whitewell, Cousland, Elphinstone, to the east of Tranent. The sands and 
gravels south of the Braid Hills are only in part morainic ; they include the deltas of the 
streams flowing through the marginal channels south of these hills. 

The next retreat stage is marked by the Dalkeith, If Car berry, and Tranent moraine, when 
the drainage escaped by the valleys south and east respectively of Crossgate Hall. The lower 
one intakes at about 330 feet. 

The last phase of “Lake Esk” is given by the valley about half a mile south of 

* Mem. Geol Survey , Sheet 32 (Edinburgh), 1910, p. 331. 

f P. F. Kendall and E. B. Bailey, op . cit p. 16. 

- j The overflow channels at Carrington, Rosslynlee Station, and Rosewell were noted by J. Oossab (Scot. Geog. Mag., xxvii 
(19X1), pp, 597, 598). 

§ “ Geology of East Lothian,” Mem. Geol. Survey, Sheet 33 (1910), p. 179. 

I! Ibid,, p. 1.80. • ‘ 

■ % “The Geology of the Neighbourhood of Edinburgh,” Mem. Geol. Survey, 2nd ed. (1910), p. 331, 
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3. The Southernmost Kame-moraines from Eddleston to Biggar. 

nf kam . e ' m ° raineS> which rise 80 conspicuously along the whole length 

of the M oorfoot Hills, continue m a roughly south-westerly direction from Eddleston at an 
altitude of about 1000 feet swinging round the shoulders of the hills south of Lamancha 
Station and following the hillside at about the same elevation. They extend into the recesses 
as south of the Kaimes and along the Tarth Water, south-east of Blyth Bridge continuing 
westward beyond Harestanes and Lochurd to the Mount, about one and a half miles north of 
Kaimrig End, ending here quite clearly and sharply in the valley west of Lochurd 
fl f^ the morame 1S continued round the hillsides toward Melbourne, alone the western 
ft Mlo°w« the m t ’ r- 0f Br °W Sbaak ’ and r0Und m 1127 Awards KaimrigEnd whence 
mile east of Skirling, continuing eist of smi ^ M ™ 1„ i h Bi i ft S" 

ss* slopes of the hiiis south ° f Bi ®“ o f cuC 

»to t° 


4. Recession of the “ Dolphinton Lobe.” 

recession of the eastern or Esk Lobe’ ’ his' betn^ket hT * BemCmk to form two lobes - The 
or “Dolphinton Lobe” may now be^iven An ° Utlme of that **e astern 

° f ^ “ Hills, east of Walstone, 

The crescentic moraine, swinging from the southern 0 .! ^ ! 1 , 1 !P e near Bamaneha Station. 
r t of Carlops, by Hariaw Mad to tt* Pentland Hills to the south- 

The Anchenoorth Moss is held up between thest moraine 4 E” “ 3 ' re House ' marts a later halt. 
U ‘« Burn toward New West Linton, 


Prestonpans which cuts the 150 contour.* With the abandonment of this outlet the lake 
ceased to exist. 

During the whole of the recession of the “Esk Lobe,” traceable by moraines and marginal 
channels, the Midlothian drainage had to pass right across East Lothian to reach the sea.f 
Meanwhile the Northern Ice was falling away from the northern slopes of the Pentland 
Hills. One phase is marked by the sands and gravels covering the floor of the hollow west of 
Bavelaw Castle at a time when the melt- waters flowed over the col into the Loganlee vallev.'! 
and at a slightly later stage by the col leading into the Gflencorse valley.^ These streams 
deposited deltas in “Lake Esk,” apparently at the stage of the Roslin-Carriiigton moraine. 

It may here be stated that the sands and gravels at and slightly below the 100-foot 
contour near Dunbar are here regarded as true morainic materials, and not as part of the 
100-foot beach. This interpretation is confirmatory of the view expressed by Professor P F 
Kendall and Mr E. B. Bailey with regard to the altitude of the late-glacial" sea-level in this 
area, based on the height of the mouths of certain overflow channels.il 
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from Mountain Cross by Kaims, Pauls well, under Broomlee, to tbe south of West Linton and 
on to the southern slopes of Mendick Hill.* 

In agreement -with these are the marginal channels which occur on the southern flanks 
of the Pentland Hills and fall north-easterly, e.g. Windy Ghoul, t falling to Carlops, the one 
east of btoneypath, that north of Carlops, J and the earlier one along the burn at Walstone, 
north of the moraine. 

A later position is indicated by the moraine which curves from the side of Mendick Hill 
by Hyndfordwell on to the western flanks of Blyth Muir. 

Until escape by the Lyne Water became possible, the lake about West Linton drained 
into “ Lake Esk ” by the Harlawmuir Burn, intaking below 900 feet. 

The ice which flowed round Black Mount (1689) cleaved to the lee of this nunatak, i.e. to 
the south-east, about Melbourne. The eastern branch withdrew toward Dolphinton, depositing 
recession moraines, e.g. about Bank and Townhead, and on the eastern slopes of Black Mount. 
A later pause is indicated by the moraine running from the eastern flank of White Hill, under 
Dolphinton, east and north of Loanhead, by Garvald House toward Kirkland. A still later 
one is marked by the moraine spanning the valley west of Loanhead, from White Hill to 
Garvald House. 

The western branch, formed by the cleavage of the ice, retreated in the direction of 
Elsrickle and laid down the moraines which sweep along the flanks of Black Mount to 
Melbourne and Broomy Law. The ice about Kaimrig End withdrew through the gap between 
hills L127 and 1163, the ice about Skirling through the gap between hills 1163 and 936, falling- 
back on to the line indicated by the moraines skirting the Biggar-Dolphinton road. 

The Northern Ice parted from the Upper Clydesdale Glacier in the valley of the Biggar 
Water, and, retreating northward, formed the moraines on the hillsides bounding the gap 
north of Biggar. 

The ice-edge during this phase is marked by the moraines running round the South 
Medwin valley, east of Dunsyre, by Walston, Howburn, Edmonston, and along the hillside 
east of Cocklaw, by Garwood, Huntlield, to Quothquan. The melt-waters from the ice at 
Garwood eroded the upper part of the channel falling southward to Biggar, while considerable 
drainage escaped, both at this and at a slightly later stage, eastward into the valley at 
Dolphinton. 

During this period the Upper Clydesdale Glacier, parting from the Northern Ice about 
Skirling, withdrew westward along the Biggar Water to Biggar, where it also lost contact 
with the Northern Ice retreating toward Carwood, as noted above. 

Simultaneously, the Northern Ice was gradually withdrawing from the western and northern 
slopes of the Pentland Hills ; the distribution of its moraines will be sketched below (p. 34). 

5. Retreat from the Region south of Car stairs. 

At the period of maximum readvance the Upper Clydesdale Glacier was confluent with 
the Northern Ice and this with the glacier descending the north slopes of Tinto. The moraines 
near the Carmich Burn and north-west of the Tinto Hills probably mark the edge of the Tinto 
Glacier during this phase. 

* The hummocky and conical mounds on the hill slopes between Linton and Dolphinton were early noticed (Mem. Geol. 
Survey, Sheet 24 (i860), p, 21). 

t T. C. Day, Tram . Geol Soc. Min., xi (1924), p. 266. 

J B. K. Peach, op. ciL, p. 148 ; R. Campbell, Proc. Geol Assoc,, xxv (1914), p* 24. 
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There occur about Thankerton and near Symington two ridges of sand and gravel w I > i , • ! i 
have been frequently described and just as variously interpreted. Tliov have been regarded 
as eskers formed by the Upper Clydesdale Glacier and as moraines of she same, and an, -tin of 

the Tinto Glacier. The writer’s own reading of the field evidence is opposed p, ,-arh and all 
of these views. . • 

The discordance of views which has hitherto prevailed has been due to the ditlieulfv of 
assigning to each of these glaciers — the one issuing from Tinto, the other from Upper < 'l\ dc„.lnlY 
their respective roles. It seems necessary, unfortunately, to add still fur! her tot he .-onlu.-ion 

by ac dmg a third element— the Northern lee— whose presence in the area ha.', apparentlv. up 
to the present been entirely unsuspected. % * 

This region was, it would seem, the scene of the separation of the three elements— the 
Northern Ice, the Upper. Clydesdale Glacier, and the Tinto Glacier. 

ie Thankerton ridge, which crosses the Clyde valley from the eastern foot of Tinto 
appears from its position to be a moraine. It is difficult to picture a glacial stream fl In 
maigm of any of the three ice-masses which could form an esker, in smsn *•/,., in this 

position. As a moraine its position is difficult to reconcile with the Tinto Glacier i>, f ! " 

“ Ctydesdale Glacier.' lis eonlmua- 
hahvofdlte view ^SS^^d^iere, that ^t^a^Iaid loln^lurimf Ylrvlhort 

. ' voul(i tlien seem to follow that the Symington feature a linear vil • ■ r i i 
origin there can be no doubt w »c i / » ,f tuit ’ d lmtlU 1 K ‘o e ot whose esker 

northward from the place of ' nartincr °tt 6 ®^ ern ^ ee as ^ gradually retreated 

». heaps of sand »d I™ “f, f I PP6r Cly<1 “ <lnle ,:!1 “ ier ’ 

Clydesdale Glacier. H *» «•« 'Uposns ,.,f ,1,0 I'ppor 

Faulburn^and^ Blackleg 1 ®’ rt ° “““ P™'»% took place between 

Upper Clydesdale Glacier dal fv le ' T T \ ^ Til ““ ''lacier or the 

hack from the Stone, wSelslle ald 0 ,r I’ ° f «»?*•** After shrinking 

western side of the Clyde along the hill I' 1 ' ** A 1 S ’ thls lce deposited its moraines. on the 
eastern side, from near LibS S °" th “ d «»«>-« of Uettinatn, and on the. 

toward Newbigging and east of kaim-end. '**’ **“ eStellli ’ tmm tIle Soutl1 -Medwin valley 
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the writer at 
V. Wilson, f 
was observed 


Moraines also abound in places to support the evidence of the drain 
an early stage, as the ice fell away from the hills, conforming to their c 
the discontinuous series of kame ridges to the north of these hills, also 
of about 1200 feet if in the upper waters of the River Logan. Later mor 
this valley below 900 feet O.D., formed when the drainage, held up 
escaped by the “ Snout ” and the valley near Stockbriggs. 

Along the north of the “ Airds Moss Lobe” there was laid down tin 
runs from the Whitehaugh Water at 1000 feet round Meanlour Hill to Gr 
The simultaneous shrinkage of its southern margin initiated the m 
the two well-marked channels noted by Mr E. M. Anderson || and indeper 
which cross the watershed between the valleys of the Gass and Ayr. 1 
eastward into “ Lake Muirkirk,” whose existence had already been inferre 
“ Lake Muirkirk ” also received the Ponesk and other glacial strean 
north. Sands and gravels, swept into the lake, are well displayed a 
lake waters escaped eastward into the Douglas Water, dissecting the ear 
and moulding them into their present form. The behaviour of the m 
moraines proves that the “Airds Moss Lobe” lingered longer than t 
Lobe.” . ' . 


At tne period ox maximum readvance, the Highland Ice over South Ayrshire, west of 
New Cumnock, was confluent with the local glaciers of the Southern Uplands. Moraines of 
this stage are in consequence absent. Where, however, as round Loch Ryan, a free edge of the 
Northern Ice again occurs, the moraines are as conspicuously displayed as on any other section 
of the ice-front. 

The moraine sweeps round the head of Loch Ryan as a broad, hummocky belt, south of 
Stranraer. It spreads under the grounds of Castle Kennedy on to the foot of the hills east 
of Loch Ryan, becoming much less conspicuous as it is traced northward beyond Strandmain. 
Its billowy surface is especially well seen east of Intermessan, south of Drummuckloeh, and 
along the western edge of Castle Kennedy grounds. Though it forms virtually one great 
morainic belt, it is possible to single out individual ridges swinging across the wide depression 
from side to side. 

With free outfall for the glacier streams, a great outwash plain was spread out to the 
south, grading imperceptibly into the GO-foot beach. The boundary between the outwash and 
the beach is difficult to map, but may run from Planting End by Bavnoltoch and Kildrockt. 

This great accumulation has in the past been assigned to the 100-foot beach.* ** The 
chief reasons for interpreting it as a kame-moraine with outwash are the following : — 

First, the billowy and kettle-studded surface — which is characteristically morainic ; had 
the deposit been 1000 feet above sea-level instead of 100 feet, few doubts would have been 
entertained of its morainic origin. 

* Trans. Geol. Hoc. Glasgow (1696), p. 331. f nummary of Progress for 1921 (1922), pp. 80, 81, and map, fig. 3. 

% Mem, Geol Surrey. Sheet 23 (1873), p. 44. § Ibid. || Summary of Progress for 1923 (1924), p. 105. • 

‘ % Great Ice Age, 3rd ed. (1894), p. 179. ** M.g., Geol. Surrey of Scotland, Sheet 3 (1923). . ■ 
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Secondly, the southerly direction of the stratification throughout the deposit, which in 
the more northerly parts seems inconsistent with the beach origin. 

Thirdly, the occurrence of the wings of the deposit at elevations above those usually 
regarded as the maximum altitudes for the late-glacial sea-level. 

Fourthly, the passage to the north-west, about Leswalt, into undoubted moraines, 
occurring up to 300 feet or so above sea-level. 

Fifthly, the difficulty in initiating such a beach. The tidal scour through this strait, 
across the site of the present isthmus, were Loch Ryan and Luce Bay continuous, would 
effectually prevent the formation of such a beach, though its preservation, once formed, 
would be an easy matter, as seen in the present conditions. It seems necessary to assume, 
therefore, that the sea which late-glacially again entered the lochs to north and south found 
no through passage. The erection of a moraine across the strait would secure this. 

Sixthly, the existence of a marginal channel, falling south across the hill spur at an 
altitude less than 500 feet O.D., east of Laffnolls Point ; it drained a lake impounded in the 
Beoch Burn. Though this valley does not prove a halt of the ice on the line of the Stranraer 
moraine, it does seem to show that the last ice in this region was receding northward out of 
Loch Ryan, when conditions might arise favourable to the origin of a moraine in this area. 

An early stage of the Stranraer moraine is represented by the large kame-moraine 
spanning the valley of the Water of Luce at its mouth. 



mi 


Moraines corresponding to those at Stranraer were observed in the R1 
One joins the Stranraer moraine, near Leswalt, and runs by Loehnaw 0; 
east of Knockaldie and south of Portslogan ; here it holds up the bog to th 
and gravels near Portpatrick Station, containing streaks of coal fragment 
the same date. A later stage is represented by the sands and gravels l 
Moor, which cause the stagnant drainage of Glengyre and Garchie Moss 
material also underlies, as a kame-terrace, Larbrax Moor, the sands sho' 
from the north or north-west. 

Similar features occur at intervals inland from the west coast of tl 
south, e.g. those curving to the south-east from Little Pinminnoeli. Outw 
occur in places, e.g. east of Pinminnoeh Burn, at Bog End, and west of Colfi 
ihese great moraines have now been traced from coast to coast, frc 
Rhinns of Galloway. The only break of any magnitude is in South Ayr* 
Nith and Loch Ryan, where the Highland lee was in immediate contact 
from the Southern Uplands. 

It is now proposed to sketch briefly the larger stages of the reeessic 
and the different phases of the dissolution of the Highland Ice in the soi 
Central Valley of Scotland. 


e Northern, Flanks of the Pentland Hills . 

} w kicL overrode the Pentland Hills broke up, by thinning, 
’ ai ^ a “ Dolphin ton Lobe retreating toward the Forth 
Simultaneous melting caused the ice to fall away from 

Hills. ■ . ' ; ' , ; , • ' 

h continue to Easter Yardhouse and the Karnes, and east 
ie Roman Camp. During one phase they were laid down 


It has been shown that the ice 

Lobe” 

and Garstairs respectively, 
hi the northern slopes of the Pentland 
moraines east of Carnwatj 
n t . of Tarbrax to Cross wood hill ami tic 
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about Harperrigg Reservoir and Cairns Castle, in the hollow west of Bavelaw Castle # and 
near Tlueipmuii Reservoir. At a slightly later stage they were continued from the Roman 
Camp to the east of Lin house Whiter, to Corston and Kirknewtonj and along the north -east 
slopes of the Pentland Hills. 

A later position, though still, generally speaking, part of the same great morainic phase, 
is represented by the moraine which runs from the Carstairs moraine along the Dippal Water 
by Amphei law and the western side of Stullashsw--— *this moss is held up by moraines to east 
and w r est ~ to liar burn, continuing along the Linhouse Water to Kirknewton, and by Currie 
and Colin ton to the Braid Hills. The Comiston boulder t lies within it. 

Over the wdiole of this stretch the materials are of composite origin and character; in 
part they are morainic, in part overwash and lacustrine^ — as above Colinton, near Murrayfield, 
and above Eoslin. 

The marginal drainage at the west end of the Pentland Hills, e.g. the small channel 
nortli-east of Carnwath, escaped into the Medwin and the Lyne Water, at the east end into 
“ Lake Esk,” e.g. the channels along the Hanks of the Braid Hills. 


9. The Carstairs Kame-muraine. 

This kame-moraine has been so frequently and so fully described that it would seem that 
no contribution of any value could be made to our knowledge of it. It is here indeed 
unnecessary to do more than make reference to the earlier literature upon it,j and to discuss 
the question of its origin. 

Since it spans the exit from Upper Clydesdale, it has been generally — indeed, apart from 
the earlier writers as R. Chambers § and D. Milne Home, || the one considering it a raised 
beach, the other a submarine bank — unanimously regarded as the moraine of a large glacier 
debouching upon the plain of Lanark from Upper Clydesdale.*' This view- seems to be con- 
firmed by the apparent convexity to the north and by the contents of the moraine, which are 
chiefly local or from the Southern Uplands. The chief constituents, expressed in percentages, 
as computed by Professor Gregory, ## are quoted here : 


Old Red Sandstone felsite and porphyry 
Old Red Sandstone 
Southern Upland greywackes 
Carboniferous Sandstone . 

Highland rocks 
Basalt . 


34 per cent. 
30 „ 

30 „ 

3 „ 

9 

39 

1 „ 


100 


In the face of this apparently overwhelming evidence the writer contends that the 
Carstairs moraine was formed, not by a glacier issuing from Upper Clydesdale, but by Northern 
Ice of Highland origin. The nature of the evidence is as follows. 

Professor Gregory has maintained ft that this feature is not continued to Cleghorn and 
Lanark, as was earlier asserted by Sir A. Geikie# but that the sands and gravels in these 
localities are due to the denudation of fluvio-glacial sheets. He also contended that its 
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' § Ancient Sea Margins, 1848, p. 
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Mem. Geol. Survey, Sheet 23 (16 7 3). 



extension to the east is likewise strictly limited and independent of the Stallasliaw kames, 
which occur in the upper part of the North Medwin valley at a height of 850 to 900 feet and 
south-east of Stallasliaw Moss. These features, he says, appear to have been formed by a 
f , l ao i er which descended from Harrows Law at the south-west end of the Pentland Hills. 
This view is at variance with the older one,* that the Stallashaw kames were continuous with 
the Carstairs moraine, the whole trending south-west. It is difficult to understand why 
Harrows Law, whose summit is only .1360 feet and devoid of any large gathering ground, 
should have nourished a local glacier which could descend through a vertical distance of 400 
to 500 feet and flow over a horizontal distance of some two or more miles, when, so far as the 
writer’s reading t and knowledge of the ground extends, there is no trace of a local glaciation 
elsewhere in the Pentland Hills, though some of the summits possess an elevation exceeding 
that of Harrows Law by about 500 feet. Moreover, during this research no difficulty was 
found in. tracing the physical connection between the Stallashaw kames and those of Carstairs. 
It seems necessary, therefore, to return to the older view, and to consider these features as 
parts of one deposit. 

West of Carstairs the moraine can be just as readily followed to Douglas, as was noticed 
by Sir A. Geikie. 1 Professor Gregory circumvents this continuity by first denying 'the 
morainic origin of the sands and gravels about Lanark, and secondly by interpreting the 
mounds south of that place as drumlins. With regard to these, it is difficult to see what ice 
could have formed them if they he considered as drumlins. Their trend, north-east south- 





lllliistvii-- 








west, is clearly inconsistent with a flow of either Highland Ice or the Upper Clydesdale Glacier. 
The contention that they are the product of a Douglas Water glacier flowing north-east, as 
suggested by Professor Gregory,! is again totally at variance with the evidence of the glaciation 
of the Hagshaw and Nut-berry Hills by ice from the north (cf. p. 32 above), and with the 
existence of ‘‘ Lake Muirkirk ” (cf. p. 33 above) now indisputably proved, and lastly, with the 
lakes in the valleys south of Muirkirk (cf. p. 33), in which the Douglas Water glacier would 
presumably have its roots. These so-called drumlins are not true drumlins, hut moraines. 

It has been shown in earlier sections that the Northern Ice laid down the great kames in 
the Douglas \\ a ter and north of the Pentland Hills, %.c. to west and east respectively of the 
Carstairs moraine. It has been the aim of the last two paragraphs to show that, these features 
are perfectly continuous with the Carstairs moraine. It seems, therefore, logical to conclude 
that this, like those, was also the product of the Highland Ice advancing from the north ; the 
iee was on the. north of the moraine. 

i his view is borne out by the fact, noted by Professor Gregory, | j that the north face of 
the Carstairs kames is best defined where it rises steeply from the alluvial flats of the Mouse 
Water. ” The southern margin,” to quote Professor Gregory, “ is less regular, and the kames 
pass gradually into the inter-kame sands.” This undoubted behaviour points irresistibly to a 
. northern glacier with the steep ice-contact face to the north and the overwash sands, with their 
gradual slopes, to the south. 

A J he sma!1 drainage channels, falling south, near Westhall and Weston (both east of 

Uirfttaira) ini ply ice-pressure from the north, ,• , ' ’ ’ , 

Corroborative evidence is furnished by the retreat moraines of the Clyde Glacier (p. 40) • 

, W may be appreciated at this point, by reference to the map. If the Clyde Glacier, in 

* Hit* A. ifcilUK, .tMrf,, 13, \ > 

{;■,/, * (bhabui ? U) > mo > P- S ~ 4 ; a contrar y was expressed by 3 . D. Brown, Trans. Edinburgh 

- ' ^ 1; " U ' t May., xxxi (1915), p. 473. II lUd., p. 470. ■ 
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inverse order to the actual sequence of events, be imagined as expanded from its Eaglesham- 
Carluke stage (a mere inspection of the map suffices to show the correctness of this correlation), 
on its western side to the line of the Irvine-Avon moraine, on its eastern side to the Pentland 
moraine, it will readily bo seen that the snout of the Clyde Glacier would be thrust forward 
to the position of the Carstairs moraine. : 

incidentally, it is impossible to interpret the Thankerton moraine, stretching across the 
Clyde valley, as the product of the Tinto Glacier, as Professor Gregory has done, if the Carstairs 
moraine, situated north of this, is the moraine of'the Upper Clydesdale Glacier itself, without 
postulating a readvance of the Tinto Glacier into the valley of the Clyde, vacated by the Upper 
Clydesdale Glacier. Such a readvance was neither proved nor apparently suspected by Pro- 
fessor Gregory. The interpretation of the Thankerton moraine given above (p. 32) is, however, 
consistent with the general views of the origin of the Carstairs moraine here presented. 

Though from the above arguments a northern origin seems incontestable, there remain 
two obvious and apparently weighty objections which must now be considered. The first, and 
the one which offers the least difficulty, is the convexity to the north. When the moraine 
from the Pentland Hills to the Douglas Water is considered as a whole, it is seen to be concave 
to the north, with only a slight convex indentation in the middle of its course (see map). This 
convexity over the shorter distance may be explained by ascribing it to the melting action on 
the ice of waters from the south. This explanation has already been adopted by Mr G. W. 
Lamplugh for the Bride Hills of the Isle of Man.* 

In the ease of the Carstairs moraine the apparent convexity would be considerably 


When the Highland Ice stood on this line, the 
tng edge would include not only material washed 
Dorted northward by the Elver Clyde. Professor 
that along the north of the Lammermuirs a high 
igin, and though the conditions are by no means 
of the Isle of Man ” (1903), p. 397. 
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identical, this northward carry by stream action may here have contributed on a small scale 
to the large quota of southern rocks at Carstairs. 

It is therefore suggested that by incorporation in the lower layers of the advancing 
Highland Ice of material from the older boulder-clay of Southern Upland origin and its 
rede position, by the washing of this boulder-clay by melt-waters from this ice during the 
readvance, by oscillations of the Upper Clydesdale Glacier and the Highland Ice at the time 
of maximum readvance, and probably, quite auxiliary, by contributions from the southern rivers 
when the Northern Ice stood at Carstairs, the large proportion of Southern Upland rocks may 
be satisfactorily explained. Though these different reasons, taken together, may be regarded 
as adequate, it is impossible to assign relative importance to each of them. 

The Stallashaw moraine, in composition not greatly dissimilar from the one at Carstairs, 
yet doubtless of northern origin, would appear to lend additional support for this view. 

The small percentage of Highland rocks at Carstairs does not militate against the view of 
the northern origin, for elsewhere, where the ice was partly of Highland origin, the proportion 
of these rocks has been similarly small. Thus only 2 to 5 per cent, of Highland material occur 
in the drifts of the lower part of the Firth of Forth* and a few pebbles only were found near 
Comiston.f Professor Gregory J has suggested the derivation of these erratics at Carstairs 
from an older boulder-clay. It is here contended that they are directly derived, while the 
southern constituents were obtained from an older drift. 

The pieces of Coal Measure Sandstone and coal fragments, which Professor Gregory § 
says are doubtless from the Douglas coalfield, may, with equal probability, be referred to the 
Lanarkshire coalfield to the north-west. 


10. Retreat from the Valleys of the Irvine and Avon. 
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An important stage in the ice-retreat is represented by the series of moraines which skirt 

t f " 0uth S1 ^ e T S 1] of the Imne ancl Avon valleys. They extend from south of Galston, north 
of Changue Hill and Mill Rig, around Glengavel, by Kypes Eig and Black Hill to near 
Lesmahagow, continuing at one stage as the sands and gravels stretching southward from this 
place as far as the Douglas Water. A large ice-lobe, thrust southward up Glengavel, formed 

^Lake 1 Muh'kTr k ” ^ ^ * dramed south b * v a direct channel into the Greenock Water and 

At this period the ice-sheet was probably continuous, though thin, over the moorland 
extending from the Ir vine and Avon northward to Eaglesham and the Clyde valley Pro- 
gressive thinning and recession rapidly resulted in the break-up of this ice into two lobes— the 
one thrust from the east or north-east, continuous with the Clyde Glacier, and occupy nw 

1 fat a°\ a S 0rt t StaDCe ° f StrathaveQ ’ the other, in possession of he Irvine val ew 
as far as Newmills and protruding from the ice-sheet over Ayrshire. 7 

Great spreads of materials on the watershed between the Irvine and Avon e o „*„■ 
nZiZ from ZIZZZ d ° Wn m thlS kke; theif dip and stra tification indicate a stream 


deposits f of a channel 
that the eastern lobe 


p, 470. 
(1900), p. 142. 


x h Supplement (1898), p. 
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A further slight retreat, chiefly a withdrawal of the ice out of the Avon 
the story of the recession of the western margin of the Clyde Glacier (p. 42). 


valley, begins 



11. The Kame-moraines of South and Central Ayrshire. 

In the a icinity of May bole occurs a series of tumultuous morainic mounds.* West of 
Maybole they are thrust into the gap giving access to Culzean Bay and are readily traceable 
as far west, at least, as Pennyglen. In the larger glen, followed by the Kirkoswald road, they 
are also well displayed, filling the whole of the gap west of Kirkoswald, and resting against 
the flanks of the hills on either side of it. To the south they rise on to Knockbrake and 
curve along its edge into the Girvan Water, where they are traceable down the valley to 
Bargany, though they are better shown near New Dailly.t Farther north they occur about 
Kilkerran. From the moraines in the Girvan Water, where the ground sloped away from the 
ice, outwash gravels extend in the direction of Girvan ; in the gaps west of Maybole, where the 
slope was toward the ice, lakes were impounded, the drainage escaping westward by well- 
marked channels. 


Moraines of slightly later date occur east of Maybole ; they were traced to Dyrrock Burn. 
The “ Lammermuir-Stranraer Moraine” is absent from South Ayrshire, as noted above. 
With the “ Pentlands-Carstairs-Galston Moraine ” are to be correlated the Maybole moraines, 
when glaciers issued from the Doon and Lugar Water, and when the marginal mounds of 
Holybusli Station, Sandhill, Bogside, and near Ochiltree \ (probably later) were laid down. 

The manner of the later recession from South and Central Ayrshire is difficult to ascertain. 
The Doon and Lugar Water glaciers doubtless shrank southward up the valleys, while the 
Highland Ice withdrew northerly or north-westerly, its edge swinging off the coast and out to 
sea in a series of crescentic curves, as on the east coast, south of Dunbar.§ This reconstruction 





is suggested by the occasional moraines noticed in this coastal strip, e.g. near Auchencroch, 
near Berman e Head, north of Ballantrae and of Girvan, and near Culzean Castle. The small 
dry valleys south-east of Downan Point also indicate the presence of ice out to sea. Some 
of these coastal moraines probably belong to the stage of the Maybole moraines, when the 
Highland Ice, united with the Doon Glacier, swung into the Girvan Water valley, round the 
hills south of Ayr, and out to sea. 

12. The Parting of the Forth and Clyde Glaciers. 

To satisfy myself that the moraines extending from the neighbourhood of Edinburgh 
along the north of the Pentland Hills to Carstairs and the valleys of the Avon and Irvine were 
truly contemporaneous and not merely an agglomeration of moraines of diverse ages, it was 
deemed advisable to investigate the retreat phenomena of the Central Valley. The results of 
this inauirv embodied in the following brief account, confirm, it is submitted, the general 
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northward and the Clyde Glacier westward. Occasional morainic mounds, e.g. between 
North Collision and Crawshaw Hill and in the area of Bangour Asylum, indicate the first 
stages of its dissolution. 

The southern edge of the Forth Glacier was marked at one important stage by the 
Polmont kame, which has been fully described.* It seems to extend as far eastward as 
Winchhurgh, and even to Kirkliston, passing into outwash material. Traces were also recog- 
nised about Queensferry. Of slightly later age, probably, are the sands and gravels of Denny, 
while of somewhat earlier date, and, marking the cleavage in the lee of the Campsie Fells, are 
the mounds f on the watershed between Bannockburn and Buckie Burn at 1000 feet. 

The ice north-west of the Pentland Hills shrank back during the period of lowering of 
the ice, north of Bathgate, to form a lobe extending eastward from the Clyde. Its northern 
margin at an early stage is fixed by the mounds near Slamannan, at a slightly later stage by 
the moraines skirting the hillside from the west of Blackridge by Armadale to Bathgate, 
where they expand into the depression leading to Linlithgow, as terrace-like spreads of sand 
and gravel,| continuing eastward to Livingstone. Here apparently the ice-front curved across 
to the western part of the kettle-moraine east of West Calder. 

The outwash plains west of Edinburgh, < 
of the same age, formed by the melt-waters from the 
Bathgate moraines; the finer muds were carried to a greater distance, and 
in part by the Portobello clays. 
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A. moraine of slightly later date runs from the west of Law Hill (north-west of Carluke) to 
Bogside, Morningstone, east of Bonkle to Allanton and Stane,* and into and around the Shotts 
valley. Of this age are the marginal valley, noted about four miles east of Airdrie, below 
700 feet, and the moraine one mile west of this. Northward from here the marginal features 
become much less distinct until the region of the large overflow valleys, falling into the 
Bonny Water, is entered, The first of these intakes at about 500 feet and falls north from 
Riggend to near Glenhouse. A later one, in parallel sequence, intakes at a slightly lower 
level, about one mile west of Riggend, and was drained northward — at one stage into the 
valley falling to Luggiebank. The corresponding moraine runs west of this by Cumbernauld 
House to Castleeary, across the Bonny Water about Hollandbush, and then westward to 


I Ivilsyth. This proves that an ice-tongue was thrust eastward from the Clyde Glacier into 

!, . the gap extending eastward from Kilsyth. At this stage the Forth Glacier had retreated to 

above Falkirk, and the drainage from the “Kilsyth Lobe” escaped into the Forth. Its 
outwash materials were spread by Bonnybridge and merged into the 100-foot beach; much 
of the so-called 100-foot beach in this neighbourhood is well above this level f and is quite 
destitute of shells; its fluvio-glacial origin seems clear. The 100-foot beach, in sensu stricto, 
west of Falkirk, was apparently largely derived from the flood waters of the melting 
“ Kilsyth Lobe.” This outwash material was later modified by overflow waters of the lake, 
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The absence of overflow channels south of Airdrie at lower levels than those just 
described is another proof of the drainage of “ Lake Clyde ” by Biggar Gap. 


(b) The Western Margin. 


A prolonged halt was made on the line now marked by the moraine with steep face to 
the north, which runs from south of Eaglesham, west of Cleuchern Lodge, by Cladance, and 
south of Chapelton.* Mr C. Dinham noted marginal drainage features in association with 
it. t South of Ohapelton the line continues east of Strathaven, across and along the Avon 
valley, south of Stonehouse and by Blackwood, curving round to the Clyde near Nemphlar, 
where it joins with the moraine on the eastern side of the valley at Cartland. 

A later line, following a slight retreat apparently of the snout of the glacier only, can 
be traced by the moraine running from Ohapelton, by Glassford, West Quarter, to the south 
oi Stonclmu.se. It probably continued, though its course was not indicated by anything 
which could be recognised in the field, by about Crossford to the Carluke moraine. 

A younger moraine runs approximately one and a half miles north of the Chapleton-West 
Quarter moraine to the north of Stonehouse, whence the ice-front curved across the valley 
on to the western side of Law Hill. 
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A later stage is given by the moraines extending westward for about three miles from 
\\ est Quarter. Its continuation on the east of the Clyde is presumably to be sought along 

the hillsides in the vicinity of Airdrie. 

Later stages are indicated by the floor deposits of “Lake Clyde,” t stretching from 
Hamilton to the north of Larkhall,§ and a still later one by the mounds extending from 
Broom house and Daldowie by Reddawood and Hallside to the flanks of Dechmont Hill. 
During a retreat from this line a subglacial stream laid down the esker ridge running from 
Tollcross by Vermont and Broomhouse.|| b 

Though signs of the succeeding retreat are by no means numerous, the occurrence of 
overflow channels, draining the extra-glacial lakes on the western margin of the Clyde 
G aeier, e.g. the Imgton valley A and their absence from the southern slopes of the Renfrew 

North ^Ayrshire* 11 ^ ^ Gkeier Hugered loD § er tlian the iee covering the lower parts of 

14. Retreat from Fife and Kinross. 

A well-defined position of the ice-margin in Fife and Kinross is given by the belt of 
mowmes extending from the southern shoulder of the Lomond Hills by Leslie, ^Markinch ** 
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At this period, when the ice abutted against the steep western side of the Lomond 
Hills to an altitude exceeding 1000 feet above sea-level, the lower Benarty and Cleish Hills 
and the equally high Ochil Hills,, which lay farther westward in the path of the rapidly 
thickening Highland Ice, were apparently buried beneath this extraneous mass. The Tay 
Glacier at this time was confluent with the large lobe in occupation of Stratheden, which 
swept eastward along the northern flanks of the Lomond Hills. This stage is doubtless to 
he correlated with the “ Pentland-Galston-Maybole stage.” 

The further recession from this position in Fife and Kinross can be readily followed and 
had three important consequences— firstly, by the emergence of the relatively low hills south 
of the Motray Water, the separation of the Tay and Stratheden Glaciers; secondly, the 
emergence of the Ochil Hills, in places possibly crowned by small corrie glaciers, and as the 
ice fell away from the south-eastern slopes of these hills the progressive delimitation of the 
western margin of the Stratheden Lobe ; thirdly, the appearance above the ice of the Benarty 
and Cleish Hills and the resulting cleavage of the ice in the east. 

The shrinkage of the Tay Glacier exposed the summits of the higher hills between the 
Firth of Tay and the Motray valley — e.g. Glenduckie Hill (784) and Norman’s Law (936) — and 
caused small lobes of ice advancing from the north-west to lap over into this valley. The 
larger of these was thrust between Glenduckie Hill and the hills south of Newburgh, and formed 
along its margin and during its retreat the kames which extend from the vicinity of Lindifferon 
by Glenbuckie and Glenbeg to Lindores and Lindores Loch,* and later along the valley north- 
westward to Newburgh. A second tongue of shorter duration -was protruded east of Norman’s 
Law to the vicinity of Luthrie Station. The outwash materials distributed over the floor of 
the Motray valley, as far east as Kilmany,t are largely the product of the streams from the 



of the manner of retreat from the plain of Kinross is furnished by the moraines 
* ^Geology of East Fife,” Mm. Geol. Survey (1902), p. 297. f Ibid., p. 296. 
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melting Lindores lobe. 

The marginal accumulations, including moraine and outwash, heaped up about St Fort 
House, North Straiton, Wormit, and Crumblie Hill,| and marking the fanning of the Tay 
Glacier south-east of Dundee, together with the moraines on the hillside at Gauldry, are 
likewise of this age. They were laid down on the edge of the Tay Glacier as it fell away from 
the hills east of Kilmany, and are contemporaneous with the moraines of the Stratheden Glacier. 
The line of moraines bordering the Firth of Tay east and west of Newburgh denotes a 

later stage. 

The more important phases of the withdrawal of the Stratheden Glacier are indicated by 
the moraines which border this valley— on the north, from west of Milnathort, by Gateside, 
Auchtermuchty, Collessie, Cupar, and beyond ; on the south by Pitlessie, Freucliie, and Falkland, 
the moraines swinging from the margin in large curves across the floor of Stratheden, e.g. 
about Leuchars Junction, Daisiemuir, Cupar, east of Ladybank, west of Strathmiglo, at Gate- 
side and Milnathort. The floor of Stratheden between these moraines is covered with outwash 
and overwash materials.§ 

The mode of retreat of the ice south of the Lomond Hills was in some measure controlled 
by the obstruction offered by the Benarty and Cleish Hills; the higher parts of these hills 
rapidly emerged above the surface of the ice, and with its progressive thinning caused an 
ever-increasing resistance to the flow and a parting of the ice in their lee. Moraines laid down 
■ under these conditions were observed at Kinglassie, east of Kirkness, and about Ballingry and 
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flanking the Lomond Hills on the south-west and the Benarty and Cleish Hills on the north. 
Lacustrine, out wash, and overwash 'materials floor the plain of Kinross, while true esker ridges, 
e.g. those east of Balado Station, indicate the position of the subglacial streams. 

A later pause in the retreat of the Kinross lobe in the direction of its parent glacier- — the 
Forth Glacier — is evidenced by the marginal accumulations north-east and south respectively 
of Cull Hill and those near the Crook of Devon, while probably to this date are to be assigned 
the kames which extend eastward from Dunfermline to Crossgates and the Moss of Morran, # 
and the overwash sands and gravels spreading in the same direction toward Lochgelly. This 
line, fixing the northern edge of the Forth Glacier at this stage, is without doubt to be 
correlated with the Polmont kame at a time when the snout of the Forth Glacier lay 
apparently slightly east of the site of the Forth Bridge. As the southern margin of the Tay 
Glacier at this stage is possibly to be regarded the Abernethy-Newburgh moraine ; its equivalent 
north of the Tay was not investigated. 


IV. Evidence of the Readvance Origin of the 
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Mr J. Wright obtained foraminifera from these drifts* During this research they have also 
been observed, among other places, in the lower reaches of the Carpel Water, south of Ochil 
tree, in the lower parts of the Doon, in the coastal strip of Ayrshire— e.g. south of the Heads 
of Ayr— at Dunure, Culzean Castle, south of Turnberry, at Girvan, Lendalfoot. Bennane Head, 
Ballantrae, in the Currie Burn, along both shores of Loch Ryan, all over the Rhinns of 
Galloway, and in the Stranraer moraine. These coastal occurrences, and those near Stranraer 
and in the Rhinns of Galloway, may date back to any part of the Glacial Period after the 
confluence of the glaciers to form the Firth of Clyde ice. The distribution of the more inland 
shells suggests their contemporaneity with the readvance of this paper. That they were 
deposited during a late and not an early period is borne out by the fact, emphasised many 
times by Mr. J. Smith, t that the shells, like the Highland erratics, occur either in the upper 
boulder-clays or in the associated sands and gravels. 

The highest limit of the marginal channels — e.g. in the Lammermuir and Moor foot Hills, 
south of Muirkirk and east of Loch Ryan — is closely associated with this moraine. Since the 
greatest elevations in these different areas varies from about 1000 feet to only a few hundred 
feet above sea-level, and since, moreover, in certain areas local glaciers are entirely absent, it 
seems improbable that these marginal features represent the line of parting between the local 
glaciers and the Highland Ice, but rather the limit of a new advance. 

The distributions sketched above, lying entirely within or north of these great moraines, . 
suggests that at an earlier stage than the one under discussion the confluent ice-masses from 
the Highlands and Southern Uplands cleaved somewhere in the Central Valley, well north of 
the great moraine, the exact position being unknown and possibly undeterminable, and that 
following a retreat to north and south of uncertain extent a readvance occurred, : during 
which the Highland Ice, except in the . coastal areas, attained its farthest southern limit. 
Some of the more extensive of the interbedded sands and gravels, observed within or north of 
the moraine, may be shown by more detailed mapping than I have been able to make to be 
not merely the result of minor oscillations of the ice-edge but of an interstadial nature and 
origin. 

Analogy with moraines of similar form and extent furnishes additional support for the 
view. The large kettle-moraines of North-West Europe and North America, especially those 
bounding the Newer Drift, have been generally, though not unanimously, regarded as 
indicating, readvances which marked the close of retreats of interstadial or interglacial 
magnitude. A similar oscillation was postulated by the late Professor J. Geikie, and generally 
accepted, for the larger moraines of the Highlands of Scotland, while more recently a large 
movement of the ice-margin has been conclusively proved for the region of the Solway 4 

V. “North-east Ireland-Isle of Man-Cumberland Moraine.” 

A readvance of Scottish lee along the north coast of Ireland, associated with an enormous 
moraine and formed after a period of retreat, has been postulated by Dr A. R. DwerryHouse § 
and the wfiter.|| A similar moraine has been the subject of prolonged study in the area 
around the head of Belfast Lough. It sets in in force near Holy wood, skirts the Holy wood 
Hills to Campbell College, swings into and across the Bundonald valley toward Dundonald, 
and continues along the lower' slopes of the Castlereagh Hills by Rosetta, Newtonbreda, 

' * Tri'h Nat xii /19031 t>. 1715- + E.g., Trans. Geol. Soc. Glasgow, xi, Supplement (1898), p. 117. 

4 “Geology 'of Carlisle Longtown, and Silloth District.” Mem. Geol. Survey (1926), p. 47. 

S Quart Journ. Geol. Soc- lxxix (1923), p. 352. || Proc. Boy. Irish Acad., xxxvi, Sect. B (1924), p. 294. . , ! 
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Edenderry, Ballyaghlis to the south of Lisburn, whence it curves across the Lagan valley to 
the foot of the basalt escarpment. Later crescentic moraines swing tangentially out of these 
lateral features, intersecting the median line of the valley in the neighbourhood of Lambe<y 
Dunmurry, and the Malone suburb of Belfast respectively. 
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the results of investigations made elsewhere, for it is a striking feature, constantly reinforced 
by repeated field observations, that normal drainage streams of the country, even where these 
are of considerable volume, were, in general, totally unable to form deltas other than quite 
diminutive features in extra-glacial lakes. Such deltas appear in Britain to be almost 
universally connected with the swollen torrents proceeding from the melting ice-ed<m either 
directly, or indirectly as the overflows of glacial lakes. & ’ 

A further difficulty in connection with the deltaic origin of the deposits of the River 
Lagan is the undoubted fact that the altitude of these so-called deltaic or lake deposits over 
large areas especially along the margins of the valley, is considerably in excess of the height 
of the overflow which is supposed to have controlled the level of the lake waters. 

That the material of the Belfast or Lagan moraines was derived from the ice as is here 
contended, and not from land drainage, is confirmed by the not infrequent interdigitation and 
overriding of the sands and gravels by true boulder-clay, as is repeatedly stressed in the 
geological Memoir, \ by the considerable number of kettle-holes, and by the occurrence of 
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effect, could cease suddenly and without any trace of continuation. It is therefore tempting 
to correlate these two large moraines across the break, more especially as moraines of these 
dimensions are relatively rare. It seems more probable, however, that the North-east Ireland 
moraine corresponds with the large moraines of the Bride Hills * of the northern plain of the 
Isle of Man, and with the readvance described from the Solway region of Cumberland,! and 
that the Lammermuir-Stranraer Moraine marks the edge of the ice at a later period, when 
it curved out to sea and possibly merely touched the Antrim coast. This correlation, rather 
than the other, is suggested, as it would seem improbable that the Scottish Ice, which was 
sufficiently powerful to attain the mouth of Lough Foyle and to penetrate the Lagan valley 
to the vicinity of Lisburn, would possess only strength sufficient to carry its edge on the 
Scottish side of the North Channel to Stranraer. 

The more southerly latitude attained by the Scottish Ice in the west, as compared with 
the east, at the period of the “ Lammermuir-Stranraer Moraine,” is readily accounted for by 
the greater southerly extent of the Highlands in the west, by the advanced southerly position 
of the Arran Hills, with their powerful ice-radiation, and by the undisputed fact, borne out by 
numerous observations, that the greatest precipitation, at least in the later stages of the 
Glacial Period, lay in the west, giving rise to the more extensive and severe glaciation. 

VI. Larger Correlations. 

The occurrence and distribution of the shelly drifts in the south-west of Scotland seem 
to throw light upon the conditions which obtained during the interstadial period of retreat. 
These . marine shells may have been derived by the advancing ice from the bottom of the Firth 
of Clyde, either from near Greenock or from the wider part between Arran and Ayrshire. 
Yet if, as has been generally assumed, the source of the shells was the adjacent floor of the 
pre-glacial sea, it is strange, in view of the severe glaciation to which the area had been 
previously subjected (which might have been expected to remove effectually the bulk or all 
of this material) that the shells should be chiefly restricted to the latter clays and their 
associated sands and gravels, and should have such a, relatively wide distribution. These 
considerations suggest that, during the interstadial interval preceding the readvance, the 
Clyde region was somewhat lower than to-day and that the sea had access to greater areas. 
The stratified layers with their Arctic marine shells, occurring in the drifts between Ayr and 
Mauehline and at an altitude of 250 to 300 feet above present sea-level, J may represent the 
interstadial deposits, as they appear to be too large in extent to have been materially displaced. 
Any such submergence was, however, strictly limited. There is no trace of it in the north of 
Ireland nor in the drifts of the lower ground of Galloway, which, as will be presently suggested, 
was ice-free at this period, nor again in the moraines of the east of Scotland. A partial 
depression of the region bearing the thickest ice-load merits no surprise, and is in strict 
accordance with events in Scandinavia and North America. 

In connection with the distribution of the shelly drifts it may he observed that there 
are indications in Central Ayrshire of ice-flow from the west and south-west. Professor 
Gregory§ concluded from an examination of glaciated surfaces near Lugton that ice pro- 
ceeded north-easterly up the Lugton valley, a conclusion which seems difficult to reconcile 
with irrefutable evidence of glaciation from the north-east, later recorded || from a rock-surface 

- . a , , ' * Mem. Geol. Survey . , “Geology of the Isle of Man” (1803), p, 431- 
; ‘ Y ; ‘ 1 f JE.g., teimmary of Progress for 1922 (1923), p. 22 j for IBM (1925), p. 80. 

a • j J&tcL, p. 78. ' , , § Trans. Geol. Hoc. Glasgow^ xiil (1906), p. 10. 

|| Summary of Progress for 1919 (1920), p. SO. ■ , . 
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only some 20 yards away. It would seem, however, to be in agreement with evidence, in 
the shape of erratics of lava from the base of the New Eed Sandstone, suggestive of a glacial 
carry from the west or south-west, obtained by Mr Simpson,* and with the occurrence of 
boulders of Arran granite in the coastal part of Ayrshire, as noted by Mr J. Smith f and 
confirmed during the course of these researches. 

The “ Lammermuir- Stranraer Moraine” was probably synchronous with the moraines of 
the “Kirkcowan Stage” of a previous paper. Though this correlation cannot, in the nature 
of things, be definitely established, the reasons which render it probable, though by no means 
certain, may be briefly stated. 

Firstly, the absence of the moraine in South Ayrshire and the union of the ice-masses from 
the Highlands and Southern Uplands which this seems to entail, imply an extension to the 
south of the Galloway ice-axis, at least as far as the “ Kirkcowan Stage,” since a more or less 
symmetrical development of glaciers north and south of this axis is to be expected. Though 
this argument is not very strong, as any earlier stage with greater ice-extent would clearly 
satisfy the conditions, nevertheless it seems to exclude a later stage. 

Secondly , the existence of the Stranraer portion of the moraine, with its out wash plain 
extending freely seaward, shows that the Galloway ice must at this period have lain with 
its western margin somewhere east of Luce Bay. Though this condition is met by all the 
“stages” described in the earlier paper, the later and smaller ones may be omitted for the 
reasons set out in the preceding paragraph. 

Ihirdly, the relatively high altitude of the snow-line at this time in the Pentland, 
Moorfoot, and Lammermuir Hills, as shown by the absence or very small extent of the local 
glaciation, would be in accordance with the height of the snowdine as worked out for the 
“Kirkcowan Stage” of the Galloway glaciation, provided due weight be given to the rise 
of the snowdine in an easterly direction. 

Fourthly and jess conclusively, the similar width, form, and conspicuousness of the 
moraines lend support to the suggested correlation. 

Should this correlation prove correct, additional weight would be added to the arguments 
already given m favour of the. readvance origin of the “ Lammermuir-Stranraer Moraine” 
as the Kirkcowan moraines have been shown to be indicative of a large oscillation. 

The sharp delimitation of the moraines at Kaimrig End and west of the Lochurd Hills 
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one of considerable antiquity, and is long pre-glacial. It is here contended that the drainage 
from west to east also took place for a considerable time during the later phases of the 
Glacial Period, when glacial “Lake Clyde” discharged by this gap. By this exit the melt- 
waters from the snout of the receding Upper Clyde Glacier, from the many miles of the 
margin of the Highland Ice standing below Lanark, and the land drainage from the ice-free 
country about the Hagshaw Hills and the Douglas basin found escape. 

That the Tweed below the confluence with the Biggar Water should be ice-free at the 
time when the Galloway Hills were severely glaciated, as is here maintained, seems surprising, 
in view of the altitude of the mountains in which this river rises. Yet the contrast of the 
Pentland, Moorfoot, and Lammermuir Hills with the Galloway Hills at the same stage, the 
undoubted rise of the glacial snow-line eastward at this period, the fact that the mass of 
high ground between Nithdale and the North Channel was the chief seat of the glaciers in 
the south of Scotland,® together with the behaviour of the drainage and of the moraines as 
set out above, appear to lead to no other conclusion. 

The moraines of Duns, north of Greenlaw, Eekford, Morebattle, Wark, Cornhill, and of 
Jedburgh and Galashiels in the Tweed basin, would seem to belong to an earlier phase, and 
may, perhaps, be correlated with the “ North-east Ireland-Isle of Man-Cumberland Moraine.” 

If, as is here submitted, the eorrie glaciers of the Lammermuirs and the valley glaciers 
of upper Tweeddale, Yarrow, and Ettrick Water were contemporaneous with the “ Kirkcowan 
Stage” of the Galloway glaciation and with the “ Lammermuir-Stranraer Moraine” of the 
Highland Ice, then it would follow that the correlation of the moraines of the valleys of the 
Highlands of Scotland with similar ones in. the Southern Uplands and in other mountains of 
Britain, maintained by the late Professor J. Geikie t and generally held, is no longer tenable. 

The “ North-east Ireland-Isle of Man-Cumberland Moraine ” is tentatively linked up 
with the Baltic moraine of North Germany ; the “Lammermuir-Stranraer Moraine,” the 
“ Pentland-Maybole Moraine,” and the later moraines of this paper, together with those of 
the “Moraine Glaciation” of the Highlands of Scotland, then fall naturally into the position 
of British representatives of the Ra and other moraines of Scandinavia, and the “post-glacial” 
stages of Penck and Bruckner, established for the Alps. 


VII. Summary of Conclusions. 

A well-marked kame-moraine, the “Lammermuir-Stranraer Moraine,” margining the 
Central Valley on the south, has been traced from the east coast, south of St Abb’s Head, 
along the northern slopes of the Lammermuir and Moorfoot Hills to the Clyde, above Lanark, 
and by Muirkirk to the hills near New Cumnock, occurring again, after a break in south 
Ayrshire, at Stranraer and in the Rhinos of Galloway. The ice-sheet at, this stage was still 
extremely powerful. It filled the Central Valley, overrode the Pentland Hills, abutted against 
the northern flanks of the Southern Uplands to an altitude exceeding 1000 feet above sea-level, 
excluded the shallow seas on the west, and spread to an indeterminate distance over the floor 
of the North Sea on the east. 

Consequent upon the melting and thinning of the ice, the highest summits of the. Pentland 
Hills appeared as nunataks; further melting enlarged these nunataks, causing a. shadow area 
of 'low ice-pressure and finally an entirely ice-free zone, about Penicuik, to arise in the lee. 
Out of the corridor, therefore, south of the Pentlands, the ice withdrew as two lobes — the 
“ E s k Lobe” to the north and north-east, the “ Dolphinton Lobe” to the west. Moraines and 

* Sir A. Geikie, Scenery of Scotland, 3rd ed. (1901), p. 347. t E.g., Scot. Geog. Mag., viii (1892), map opposite p. 362. 
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inal channels mark the successive stages of the retreat. Simultaneously, the ice fell back 
from the Lammermuirs ; Professor Kendall and Mr Bailey" have indicated the mode of 
recession. 

At the maximum extent, the Highland Ice was confluent with the Upper Clydesdale 
Glacier about Symington and Biggar and with the Tinto Glacier. Progressive melting broke 
up this ice into its three components; the great numbers of moraines above Lanark show the 
manner and phases of the separation and retreat. 

The thinning of the ice north of Muirkirk led to the early emergence of the Hagshaw and 
Nutberry Hills and the formation of two lobes — the one thrust westward into the Douglas 
Water from the west, the other over the area of Amis Moss and the upper Ayr from the west. 

The “ Lammermuir-Stranraer Moraine” is entirely absent from the hillsides between 
New Cumnock and Loch Ryan. This important break implies the confluence at this period 
of the Northern Ice with the glaciers centred in the western part of the Southern Uplands. 

The free ice-margin with its moraines was discovered at Stranraer, encircling the head of 
Loch Ryan and passing to the west coast of the Rhinns of Galloway. 

A later line, represented by an equally well-developed moraine — the “ Pentland-Maybole 
Moraine ’’—and associated with marginal drainage features, is traceable across the Esk valley, 
along the north slopes of the Pentium! Hills to Carstairs, and along the south sides of the 
Avon and Irvine to near Galston, reappearing after a break, indicating the union of the 
Highland Ice with the Doon and Lugar Water Glaciers of the Southern Uplands, in the valley 
of the Girv an Water, e.g. at May bole, and along the Ayrshire coast, e.g, at Culzean, whence 
the ice-front curved out to sea. 

Following this stage, the ice broke up into the Forth and Clyde Glaciers, the edge of the 
one retreating northward to its lateral moraine — the Polmont kame — the other receding west- 
ward from the upland north-east of Lanark. Moraines and marginal channels mark the retreat 
of the Clyde Glacier down the Clyde toward Glasgow and the withdrawal of the lobes thrust 
from the edge of this glacier into the valleys of the Avon and Bonny Water. 

Xhe surplus waters of glacial cc Lake Clyde,*' 
into the Tweed, which was ice-free. 

. At the period of the “ Lammermuir-Stranraer Moraine” small corrie glaciers only existed 

^^U^ m T mU T 1 ^ US, G alley # laCierS ° CCUpiGd the lar §' er valle y s of tlie bills south of 
Peebles-the Tweed below the confluence with the Biggar Water was ice-free- while the ice in 

The western part of the Southern Uplands was at its “ Kirkcowan Stage” of development. 
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III. — The Petrology of Iceland. By Gr. W. Tyrrell, A.R.C.Se., Ph.D., F.G.S., Lecturer in 
Geology, University, Glasgow, and Martin A. Peacock, B.Sc., Ph.D., Carnegie 
Research Fellow, University, Glasgow. (With Two Plates and Four Text-figures.) 

(MS. received JVIay 17, 1926. Read June 7, 1926. Issued separately December 2, 1926.) 


Preface. 

Kainozoic eruptives, preponderantly of basaltic composition, occupy parts of Scotland, 
Ireland, Greenland, Spitsbergen, and King Charles Land, the major part of Franz Josef 
Land, and the entirety of Iceland, the Faeroes, and Jan Mayen. These regions have been 
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Fie. 1. —Sketch-snap of the Thulean or Brito- Arctic Petrographic Province. The areas in 
black are occupied by Kainozoic eruptives. Hoc, kali Bank and Porcupine Batik, 
from which dredged hWdm are ehiOh oi.s-diic. have been included. 

• as the Thul can or Brito- Arctic Petrographic. Province (lig. 1); they 
dies of an extensive, basaltic plateau-laud, the greater part of which 
;h the North Atlantic and Arctic Oceans in late Kainozoic times. By 
, central position, diversity, and accessibility, Iceland is perhaps the most 
n in the whole province. The interest in that country is heightened: 
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furthermore, by the fact that whereas in all the other regions mentioned, with the exception 
of Jan Mayen, vulcanicity expired before the advent of the Pleistocene and did not recur, 
Iceland became the theatre of a vigorous resumption of igneous activity which took place 
in Early-glacial times, and has continued uninterruptedly to the present day. 

Although a number of important contributions to the petrography and petrology of 
Iceland have appeared in recent years , * the petrographic character of this region and its 
relations to the Thulean Province are yet insufficiently understood. With a view to col- 
lecting material for a more comprehensive study of the Icelandic eruptives, the authors 
visited Iceland in the summer of 1924. In the course of an itinerary which embraced the 
country lying between the Torfajokull in the south and the HvammsfjokSur in the north- 
west some four hundred rock-specimens were collected. On the return journey from 
Reykjavik to Leith specimens were collected at the various northern and eastern ports of 
call. The material thus obtained forms the basis of the present and the ensuing studies. 

For the better understanding of the mutual relations of the various rock-groups which 
will be treated as petrographic units, a brief summary of the geological succession in 
Iceland will be given. Such a summary may best be illustrated by a schematic section 
stretching from Glettinganes in the extreme east, through the Tindfjallajokull in the south, 
and continuing to the PatreksfjorSur in the north-west peninsula (fig. 2). 
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Fig, 2. Schematic section across Iceland from Glettinganes in the extreme east, through the Tindfjallajokull in the south, to the 
PatreksfjbrSur in the north-west peninsula. The ice-sheets are shown blank. 

In Iceland we may distinguish three formations which are distinct both in petrographic 
character and in age. These are : 

3. The Recent, Post-glacial, and Late-interglacial eruptives. 

2. lhe Early -glacial Breccia or Palagonite Formation. 

1. The pre-Pliocene Kainozoie Basalt Plateau. 

Formations I. and 2 are separated by a period of volcanic rest in the Pliocene, during 
which time Crag sediments were deposited. A tectonic phase, which is well defined in 
the south of Iceland, separates Formations 2 and 3. 

The pre-Pliocene Kainozoie Basalt Plateau was derived from sources which were 
probably outwith the present Iceland. It contains plant-beds which have been referred to 
the Miocene, acid and basic intrusives, and thin, red, interbasaltic tuff-partings. The old 
plateau is exposed in the east and in the west of Iceland ; centrally it has sunk in and 
has been covered by younger formations. With the advent of the Glacial Period volcanic 
energy, which had lain moribund during the Pliocene, broke out with renewed vigour, 
adding up the Breccia- or Palagonite-Formation which in thickness and extent probably 
i ^ to y a5s tke older basalt plateau. The Breccia Formation consists of tuffs and breccias 
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Pleistocene Ice-sheet lingered on, and sub-glacial volcanoes continued to produce tuffs and 
breccias. 

In arranging the petrographic material for description and discussion, it was decided 
to adopt the following grouping : the basalts of the pre-Pliocene Kainozoic Plateau ; the 
acid intrusive's, in the Basalt Plateau ; the basic tuffs ; and the Late-interglacial, Post-glacial, 
and Recent basaltic eruptives. It is intended that these four groups shall form the 
subjects of separate papers embodying the independent studies of one or other of the 
authors. The final general discussion, in which the relations of the Icelandic area to the 
Thuleau Province will be treated, will be undertaken jointly. As chronological order need 
not necessarily be preserved, the order of appearance of the papers dealing with the four 
rock-groups will be determined by expediency. The basic tuffs have been selected for 
first treatment, as one of us has already gained some specialised experience in the inter- 
pretation of these rather remarkable rocks. 


PART I.— THE BASIC TUFFS, by Martin A. Peacock. 
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I. Introduction. 


1. Scope of the Present Paper. 

As was indicated in the Preface, basic tuffs, in the form of thin red partings, represent 
a subordinate component of the Basalt Plateau. As the few specimens which were col- 
lected from these pre-Pliocene tuff-hands present no features which have not already been 
described,* these rocks do not call for further treatment. Basic tuffs are, however, the 
main constituent of the Early-glacial Breccia Formation, and they are the chief products 
of younger eruptions under and. around the present ice-fields. Specimens of the finer- 
grained facies of the Glacial and later tuffs thus form the subject of the present study. 
As the classic Icelandic examples of palagonite-tuff occur in the Breccia Formation, and 
as the nature and origin of palagonite are most imperfectly understood, this study will of 
necessity develop into an attack on the palagonite question. 


2. Review of Previous Work. 

; ■ ' ■ /- ■ ' ' 
v The Breccia Formation of Iceland, with its arresting scenery, imposing massiveness 


and bewildering heterogeneity, and the remarkable alteration displayed by certain of its 

* HaWMS, 1916 ; Author, 1924-5 (B), pp, 316-18, pi. iv, fig. 
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constituents, has attracted the attention of a number of geologists, and has given rise to 
the expression of divers views regarding its age, origin, constitution, and partial alteration. 
The greater bulk of previous work has been directed to the elucidation of questions of age 
and origin ; records of microscopical and chemical studies are few, and the conclusions 
which they contain are divergent. 

The first important work is that of Sartorius von Waltershausen, who visited Ice- 
land in company with Bunsen in 1846. During this visit von Waltershatjsen first 
observed in the tuffs of the Breccia Formation the widespread occurrence and pure 
development of a substance which he had already noticed in the matrix of a tuff from 
Aci Gastello, Sicily, in 1837, and to which, from its wider distribution in the shell-bearing 
tuffs of Palagonia in the Val di Noto in Sicily, he gave the name Palagonit in 1847.* 
Yon Waltershatjsen described palagonite as “ a fully transparent wine-yellow to resin-brown 
mineral of vitreous lustre and hackly conchoidal fracture, the external appearance of the 
substance being very similar to that of gum-arabic or brown sugar. Its hardness scarcely 
exceeds that of calcite, and its specific gravity is close to 2 "64.” f Besides forming an 
important component of the Icelandic tuffs, palagonite was found in the exceptional occur- 
rence at Seljadalur, near Reykjavik, to constitute an apparently homogeneous bed 50 feet 
in thickness. This occurrence was described as Palagonitfels, and von W a lters h a usen 
observed that the rock might be confused by the untrained eye with certain types of 
pitchstone. Yon Waltershausen’s theory to explain the origin of this rock was the same 
as the one which he formulated for the Sicilian occurrence, namely, that “the finely 
powdered volcanic ashes of submarine eruptions fell back into the sea and were cemented 
into a kind of hydraulic mortar, part of which thereby acquired a fixed chemical consti- 
tution, while the other part, enveloped by this material, remained in its original 
condition.” | 





In a later work§ von Waltershausen summarised his 
account of the variations in the chemical composition of dil 
palagonite as a mineral group, each member of which cons 
mineralogieally inseparable “ortho type” and “ heterotype ” 
types he gave chemical formulae which contained HoO as essen 
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action of water at high temperatures on these alkali-rich silicates.* In an earlier work 
Bunsen already made the significant observation that the hot springs of Iceland appeared 
to be most intimately connected with the breccia mountains.'!' 

The above investigations of the palagonite- tuffs contain no reference to microscopic 
work, and hence no criteria by which palagonite might be recognised in thin sections. 
Microscopical studies soon showed that even the purest Palagonitfels did not consist of a 
single homogeneous substance which might be called palagonite. The following statement 
by Rosenbusch expresses the general conclusions of several investigations following the 
work of Bunsen: “ ... it appears that the palagonite substance is not homogeneous, and . 
that analyses of palagonite are bulk analyses of basalt glass together with its alteration 
products and separated minerals.” + 

In 1879 Penck published a thorough review of the whole subject. After an extended 
re-examination of specimens of Palagonitfels and palagonite-tuff from Iceland and Sicily, 
and a study of tuffs reported as palagonitie from various other localities, Penck arrived 
at the following conclusion : “ Es darf da her gerechtfertigt sein anzunehmen, dass ein 

als Palagonit zu bezeichnender Korper nicht existiert.” . . . § This authoritative judgment 
dealt the final blow to palagonite, and the term became degraded from the rank of a 
mineral species to be a general designation for any hydrous, altered, basaltic glass. || 

In the course of two recent papers® the present writer touched on some aspects of 
the palagonite question. In the first paper, in which Mackenzie’s collection of Icelandic 
rocks was described,** it was observed that palagonitisation was a hydration process 
which attacked translucent basalt glasses. Three stages in the process were distinguished : 
(l) a bleaching of the margins of the fresh vitreous fragments ; (2) the passage of the 
bleached margins into a fibrous mineral which is rich in water and in ferric oxide, poor 
in lime, and poor in, or free from, alkalies ; (3) the formation of calcite and zeolites repre- 
senting the fixation of the lime and the alkalies released in the second stage. The third 
stage was not represented when the liberated lime and alkalies were carried away by per- 
meating solutions. ff None of these products was definitely identified with the palagonite 
of von Walters hausen. 

In the secoud paper a palagonite-tuff from Vi<5ey was considered in some detail. It 
was found that the fresh, translucent glass fragments which had suffered marginal pala- 
gonitisation were negligibly vesicular and possessed an initial water content of about 4 
per cent.; they were therefore named “ hydrotachylyte.” As the ViSey palagonite-tuffs 
must have been originally hydrotachy ly te-tuff's , and as they were associated with basalts 
of globular structure, and as, furthermore, similar occurrences of palagonite-tuff and globular 
basalt were found associated with glacial sediments in other localities in Iceland, it was 
concluded that the ViBey hydrotachylyte-tuifs and the underlying globular basalts had 
originated from a series of restrained “ Sub-glacial extrusions.” §§ 

Although it is certain that the substance which von Waltershauskn named pala- 
gonite does not conform to the accepted criteria of a mineral species or a mineral group, 
and that the rock which he called Palagonitfels is not composed of a single, homogeneous 
material which might bo called palagonite, it is equally certain that palagonitisation, i.e. 
the alteration which rocks described as palagonitie have manifestly suffered is a definite 

* Op. cti., y. 2(9. + 1847, p. 279. | 190H, p. 1317 (trails.). § 1879, [>. 568. 

|| As defined by Homihs, 1921. t Author, 1924 (IS), yy. S08-I5 ; in , w, 192»S. 

** For an account ol Mackknzik’s visit to Iceland in ISiO, see the Author, 1024-5 (A). 

tt 1924-5 (B), p. 313. JJ 1926, p. 455. §§ Ibid ., pp. 462-8. 
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process characteristic of the tuffs of Iceland, and of rocks from at least two other regions. 
If it can be shown that the palagonite-tuffs are characterised by the presence of an 
alteration substance for which no other petrographic name is available, and which at the 
same time^ imparts to the tufts the various characters which were ascribed to Palagonit 
by von Waltershausen, we shall be justified in naming that material palagonite. In 
the following descriptions it will emerge that such a substance does exist. 

. Tlie s P ec,mens described are a few typical ones arranged in the order calculated best 
to illustrate the progress of palagonitisation. The non-palagonitie tuff's consist essentially 
of von Walter, shattsen’s Skleromelcm, while the palagonite-tuffs are all altered sidero- 
melan-tuffk The following classification has therefore been adopted: (l) sideromelan-tuff ; 
(*) palagonitic tuff, in which sideromelan shows incipient alteration; (3) palagonite-tuff in 
which the alteration is considerable; and (4) palagonite-rock, in which the alteration is so 

advanced that the rock has all the properties which were ascribed to Palaaonitfels by von 
Walters hausen. ; ■ " J y 


II. Petrography. 


oiaeromeian-l up. 


A typical si, leromeian-tuff will be considered in some detail, as it consists very largely 

of the material which subsequent examples will show to be the invariable parent substance 
or pfiitigoiiitc. 



r, 1926, },. 453, anti fig. 8, 
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i error not exceeding ±0*002. 
e ground -glass screen was replaced by a plate of 
traced in partial darkness, and their proportions 
111 -dftlis at an inf.b 


Occurrence. A specimen of this type (T 21) was found overlying a series of palao-onite- 

t fX] rU lT e i b ? ! tS Wlth §lobu T lar structure ’ and g lacial sediments, and overlain by Late- 
lg Rcial doleritic lavas m the W. wall of the gorge of the Hvlta at Gullfoss * 

Hand-specimen.— This consists of cuboidal fragments of dense, non-lustrous basalt class 
cemented by a scanty, brownish-white, argillaceous" matrix. Thes^ fragments or alindze 
, C T do ™ arcls ; their boundm g surfaces are sometimes conchoidal. " 

ments irsm^ to he^of 1 ^ 013101 ! ^ ^ th ® glass constitutill g the vitreous frag- 
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brown in various shades, shows dull aggregate polarisation which approaches isotropism, 
and has the appearance of being somewhat porcellanised. 

Chemical Composition . — With the small and approximately equal separation of felsic 
and mafic microlites, the composition of the pure glass cannot differ notably from the 
aggregate composition of the glass with its microlitic content. Fragments of the latter 
were therefore selected, freed from matrix, and analysed. For comparison the result is 
tabulated together with an analysis of sideromelan from the palagonite core of a manganese 
nodule from the South Pacific, and an analysis of the Late-interglacial doleritic lava of 
Reykjavik, Iceland. 



I. 

EL 

in. 

SiO, 

40-39 

40 "8 4 

48 00 

A1 2 0 3 

10-27 

17*78 

12-14 

Fe,O a 

1-35 

I -04 

4*89 

Fed 

. 9 '96 

1079 

9-04 

MgO . 

9-77 

9-24 

9*80 

CaO 

13*00 

11-87 

1 0*0 0 

I u r> 

Na.,0 

1 "40 

2*02 

2*07 

iv 2 d 

. 0*15 

0-28 

0*31 

HoO + . 

0 * 1 5 

n.d. 

0*10 

H 2 0- . 

0-10 

n.d. 

0*04 

TiO, 

L27 

n.d. 

1*55 

p 2 o 5 

0'05 

n.d. 

0-07 

MnO 

trace 

0334 

0*17 

CO, 

none 

n.d. 

none 

s 

none 

n.d. 

0*01. 


99*86 

100*80 

1 00-48 

Gullfoss. Iceland. Analyst, W. H. 
Glass (Sideromelan). Station 302, 

and F. Herdsman. 
lat. 42° 43' S., long. 

82° 11' W., 


Rexard. Murray and Rknahd, 1891, p. 464. 

III. “Pre-Glacial” (actually Late-interglacial) Basalt. Reykjavik, Iceland. Analyst, Washington. Washington, 
1922, p. 783. 


The theoretical mineral constitution derived from the new analysis is : 

Albite . . . 

Anorthite . . . . 

Diopside . . . . 

Hypersthene . 

Olivine .... 

Magnetite . . . 

Ilmenite . . . . 

Water, etc. .... 


12-05 

21 '48 
870 
14'77 
209 
2 "40 
0-45 
100-00 


. - '-Lvi 

mi 

' : . \ 


' 


* Including ; ZtQ% none ; Cr^Og, none $ BaO, none* 

/V.A -f V- '■■"■■■■ . . ■ 
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while the following are the positions of the analyses in the Quantitative Classification :■ 


I. 

III. 

5. 

4(5). 

5 

II. 

" III. 

5. 

4. 

"5 

III. 

III." 

5. 

4. 

0 5 


The analysis, refractive index, and microlitic content of the Gullfoss sideromelan, all 
indicate a rather basic, basaltic composition. The norm shows that the rock is sufficiently 
undersaturated with respect to silica to form 15 per cent, of olivine. The low alkalies of 
the analysis, especially the negligible potash, result in bytownite, practically free from the 
orthoclase molecule, as the theoretical plagioclase ; the modal plagioclase, anorthite, reflects 
the invariably more calcic character of early-formed plagioclases. 

Comparing firstly analyses I and II, it will be seen, despite the inferior quality of 
Regard’s analysis as judged by modern standards, that the agreement in all essentials is 
remarkably good. From the high summation of the analysis of the deep-sea example, it 
may be inferred that H 2 0, which was not determined, is negligibly small and thus com- 
parable to the value in the Icelandic specimen. This striking agreement between I and II 
is not, however, to be regarded as indicating a constancy in the chemical composition of 
sideromelan. While still preserving the mineralogical characters of sideromelan, namely 
translucency and freedom from separated ores, the Sicilian sideromelan has a much more 
alkalic composition.* 

The general agreement between I and III supports the field evidence which indicated 
that the Gullfoss sideromelan-tuff was derived from the same magma which produced the 
Late-interglacial doleritic lavas. The change from tuff-production to lava-production un- 
doubtedly corresponded with the Interglacial recession of the ice-sheet from the Gullfoss 
district. 

The second example of sideromelan-tuff is characterised by a ferruginous cement. 

Occurrence . — Another example of sideromelan-tuff (T 106) was collected at 2100 feet 
from the HungurskafiS, the breccia foot-hills lying 1 mile N. of the present northern limit 
of the ice on the Tindf j allaj okull. The tuff serves to bind together large and small basalt- 
masses. The smaller of these are angular and vesicular, while the larger basaltic inclusions 
exhibit the same globular structure which was observed at Gullfoss. t 

Hand- specimen . — This is a uniformly fine-grained, compact, red-brown tuff containing 
vesicular basalt fragments. The unaided eye can distinguish black, vitreous specks in a 
red-brown matrix. 

Micro. study. Ihe thin section (PI. I, fig. 2) is composed of typical sideromelan 
ftagments cemented by a ferruginous matrix. These fragments have an average grain-size 
of 0 4 mm., and a refractive index of 1 612 ; in every other microscopic character they 
accord with the sideromel iixi of T 21. Tho cementing xniil36rii.il is striictjiirplGss mid v'lrips 
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refractive index of the red material may be ascribed to incipient crystallisation of definite 
iron compounds following dehydration. 

The last example of sideromelan-tuff is characterised by a zeolitie cement. 

Occurrence. — This rock was obtained near sea-level from the matrix of the agglomerate 
on the S. side of the Bejarfell, Reykjanes (R 21).* As in the case of the Gullfoss examples, 
this rock is associated with palagonite-tuffs and globular basalts. 

Hand-specimen.— The rock is a friable aggregate of minute, black particles of glass 
which are cemented by a subordinate amount of greyish-white material. The vitreous 
fragments exceptionally reach 2 mm. in their greatest dimensions, and occasionally they 
may be seen to hold small felspar microlites. 

Microstudy. — The thin section (PL I, fig. 3) consists of sideromelan fragments cemented 
by zeolitie films. These glassy fragments have a refractive index of 1*GQ4. Except on 
their extreme margins, they are perfectly fresh, homogeneous, translucent, and pale grey- 
brown in colour. The fragments are somewhat vesicular, and their boundaries are defined 
by curved cracks which have often traversed the zones of weakness between adjacent steam 
cavities, producing typical ash-structures. In the larger fragments are found occasional 
glomero-porphyritic aggregates of fresh, euhedral bytownite tablets whose maximum 
refractive index is 1*582. 

The extreme margin of each sideromelan fragment is marked by a continuous, narrow, 
dark alteration-selvedge which preserves a uniform width of 0*01 mm. Many of the totally 
enclosed steam cavities are provided with similar linings ; when these linings are absent 
they have apparently been removed in grinding. The alteration-selvedges are composite, 

consisting, as we pass outwards from the fresh glass, of a narrower dark baud about 0*01 

mm. wide, and a broader colourless band which is about 0*02 mm. in width. With the 
-inch objective the dark bands resolve into zones of minute, opaque globulites whose 
formation has slighty bleached the intervening glass. These globulites cannot be deter- 
mined, but it may be surmised that they represent part of the iron content of the altered 

margins. The colourless bands are composed of zeolites. Between crossed nieols they are 
seen to consist of minute, faintly birefracting fibres which lie normal to the extension of 
the selvedges. When two such fibrous selvedges meet, the wedge-shaped interspace is some- 
times filled with a non-fibrous, isotropic zeolite. Examined in small fragments immersed 
in standardised media, the isotropic zeolite was found to have a refractive index very slightly 
below 1*480, thus definitely ruling out analeite (a— 1*487, Larsen). The only isotropic 
zeolite with a refractive index lower than that of analeite is faujasite (n = .l*48, Larsen), 
with which the mineral in question is therefore identified. The fibrous zeolite gives straight 
extinction and has very low birefringence ; its measured refractive index range is from slightly 
below T480 to distinctly above 1*470. The mineral is therefore identified with ptilolite 
(a = 1*47(5, /3 = ' 1*48, 7=1*480, Larsen). Although zeolites, as will be seen later, are end- 
products in the hydration of sideromelan, the absence of other signs of alteration in this 
rock indicates that the zeolitie films described have not been derived from the sideromelan 
margins to which they are attached, and have therefore been precipitated from travelling 
solutions. 

Water Conte hi.- — A sample of this rock yielded the following results : — 

II 2 0 at 105° ...... 0*90 per cent. 


H,0 above 105° 


0*97 

1*87 


* For a fuller account of the breccia inlier at Reykjanes, see the Author, 1926, pp. 451-2, and fig. 6. 
TRANS. ROY. SOC. EDIN., VOL. LV, PART I (NO. 3). 
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some of this water, it may be concluded that the fresh 
analysed example (T 21), is practially anhydrous. 


2 . Palagonitic Tuff. 

Occurrence. — A specimen illustrating the early stages of palagonitisation (S 115c) was 
collected from the Biirfell, 3h miles S.S.E. of Sandur on the Snsefells Peninsula. The Biirfell 
is an isolated breccia-hill 720 feet- in height ; its flanks rise steeply from the 300-foot 
lava-covered platform which surrounds the Snsefellsjokull. 

Hand-Specimen . — This stuff is yellow-brown, fine-g: 
to split off in a platy manner. Small basalt inclusions 
ponents of the tuff-matrix cannot be distinguished. 

Microstudy . — The thin section (PL I, fig. 4) is eoi 
chips of dark, nearly opaque hyalo-basalt, and greenish, a 


;rained, and friable, with a ten 
can be recognised, . but the 


Pin. 3,— A gi(lcn>ni»lan grain, about 0-5 mm. 
the paltt«nnitie tuff (S 115c). The glass ' c 
of hytewuito ami olivine ; marginally it 
palagoidtisatiou, ' ' ‘ 

fibrous orientation is revealed 
tac glass has had absolutely n 

none on microlitcs of olivine, 
distinctly lower than that of 
material rendered the isolatic 
^'Although ' it, is, too earlv to ■ 
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vigorous solfataric activity, the aftermath of the Post-glacial volcanic episode which produced 
the surrounding basaltic lavas. 

Hand-specimen. — This is a dark-grey, fine-grained, compact tuff in which numerous 
minute specks of black glass may he discerned. 

Microstudy. — The thin section (PI. I, fig. 5) consists of sideromelan fragments which 
are cemented by their own alteration products. These fragments occupy 25 per cent, 
of the section by volume, and rarely exceed 0'6 mm. in their greatest dimensions. 
Their refractive index is 1*606. and in colour, shape, and microlitic content they agree 
exactly with the typical sideromelan of T 21. 

The remainder of the rock is composed of palagonite, which serves both to cement 
the sideromelan fragments and to line the occasional vesicles, together with a small pro- 
portion of calcite. The palagonite presents three facies : surrounding each, sideromelan 
fragment and forming the first lining of each vesicle are found dark bands which are 
0*01 to 0*02 mm. wide; as in a previous example (R 21, p. 59) these bands resolve 
into opaque globulites representing slight ferriferous concentrations. The dark bauds pass 
into palagonitic substance which occupies nearly 75 per cent, of the slide. In colour the 
palagonite varies from yellow-green to yellow-brown according to the intensity of illumi- 
nation. For the greater part the palagonite is obscurely fibrous, giving only faint, dull 
reaction under crossed nicols. To a smaller degree the material is better oriented, giving 
first-order polarisation colours: this is especially the case in the palagonite which adjoins 
the dark selvedges and the cavity-linings. The average refractive index of both the ill- and 
the well-oriented types of palagonite is 1*490. In order to distinguish this obscurely 
fibrous palagonite from the perfectly isotropic, structureless variety which appears in some 
of the ensuing examples, it is proposed to designate the former as fibro-paletgonite. 

An occasional small patch of calcite is seen occupying a few crevices in the palagonite. 
It is the latest mineral to form, and its uneven distribution suggests that its formation is 
unconnected with the palagonitisation process. 

.Although the passage from sideromelan to palagonite is always, sharply defined, it is 
quite clear that the latter has been formed at the expense of the former. In some of the 
larger sideromelan fragments micrdlites may be observed which project from the fresh 
glass, through the dark bands, into the palagonite ; and there are many cases where 
smaller sideromelans have completely succumbed, leaving their unchanged microlitic 
contents in situ. 

Wafer Content . — A sample of this rock yielded the following results — 

If./) at 105° . . . . . 8*30 per cent. 

Il 2 () above 105° . . . . . . 5*00 ., 

. ■ A ■ ' ■ ' 13*90 

These figures show for the first time in this paper one of the chief properties of 
palagonite: namely, its large water content whose greater part is released at moderate 
temperatures. As 25 per cent, of the rock consists of anhydrous sideromelan and unaltered 
microlites, the total water content of the rock must be ascribed to the palagonite which, 
occupying nearly 75 per cent, of the section, thus contains 18*5 per cent, of water. 
The appearance of the section suggests that the formation of the palagonite has resulted 
simply from the absorption of water by the sideromelan, and that no further chemical 
change has taken place beyond a slight segregation and oxidation of iron in the dark 
bands and an incipient fibrous crystallisation of the gel-material formed by the hydration. 
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If this be so, the composition of this palagonite differs from that of the sideromelan from 
which it is derived only in that the former is slightly poorer in iron and notably richer 
in water than the latter. There are, therefore, grounds for believing that the fall in 
refractive index from 1 '606 in the sideromelan to 1'490 in the palagonite resulted mainly 
from a gain in water, assisted in a minor degree by a loss in iron. 

Occurrence. — A specimen (T 83) somewhat similar to the previous example was 
taken at about 2200 feet from the N. bank of the Markarfljot, where it skirts the northern 


margin of the Hraftinnuhraun which lies 3 miles W. of the ice on the Torfajokull. The 
palagonite-tuff occurs as a dyke-like “ intrusion-tuff ” cutting greatly altered rhyolite or acid 
breccia. The alteration suffered by the country rock, and also probably by the palagonite- 
tuff, has resulted from the still active hot-spring and fumarolic action of that locality 
which followed the effusion of the Post-glacial obsidian of the Hraftinnuhraun. 



AMI 


Hand-specimen. The rock is friable, greenish black, and exceedingly fine-grained ; its 
fracture is hackly and of sub-resinous lustre. Except for a few included fragments of 
slaggy hyalo-basalt, the specimen is apparently homogeneous. 

Microstudy. The section (PI. II, fig., l) consists of 35 per cent, of sideromelan and 
05 per cent, of alteration material. The sideromelan fragments are pale brown in colour 
and. somewhat vesicular ; they display ash-structure, the average size of. the fragments 
being 0‘2 mm. ; the refractive index of the glass is r610. 

As in the last case, there is a slight darkening of the margins of the sideromelans due 
to the separation of opaque globulites and a copious formation of obscurely birefracting 
palagonite. I his material is greenish brown ; in small fragments the colour becomes paler 
with decreasing size. For the most part the highest, powers reveal no structure in the 
palagonite, and therefore the obscure birefringence is referred to incipient, submicro- 
scopic crystallisation. Occasionally when occurring as vesicle-linings or along lines of 
contact between adjacent sideromelans, well-defined fibrous development is observed ; 
this fibro-palagonite is associated with a minute amount of indeterminable zeolite. 
I he refractive index of the palagonite varies slightly; its mean value is 1’490. Small 
fragments treated with HC1 are immediately -bleached with the formation of a solution 
( .eep y stained with ferric chloride. On pressing the bleached fragments with a needle 

tiey a into pieces which are bounded by smooth curves similar to the cracks in the 
fresh sideromelan. 

11 cite') Content,. This specimen gave the following values : — 


■ action consists of sideromelan similar to the proved anhydrous 
the water content of the remaining 65 per cent., represented by palagonite 

etFat I05° er Cent ' Agahl the estimatioil s show that the major proportion 

T7^ 0f P alagonite - tuff W 9) was collected a few feet above sea- 
ixd of Vioey, an island lying 3 miles E.N.E. of Reykjavik. In this 

t is and -breccias, associated with globular basalts of intrusive aspect 
uoknesa of / 00 feet.^ , : ■ ■ ■ • ■ ■ 5 

•• Tiif geology of tills island was recently described by the Author, 1926. . 
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Microstudy. — The section (PL II, fig. 2) consists essentially of sideromelan, palagonite, 
and zeolites. Sideromelan occupies 8 per cent, of the section ; it is deeper brown in colour, 
and therefore probably richer in ferric oxide than the type sideromelan ; its refractive 
index is 1*605. This brown glass contains an occasional microlite of olivine and plagioclase 
and is sometimes traversed by dark fiow-bands. It is thus similar to the fresh glass of 
the A icSey palagonite-tuff recently described, and therefore it may also contain up to 4 per 
cent, of water and thus be eligible for the designation “ hydrotachylyte ” which was 
proposed for such a glass.* 

The palagonite which occupies 85 per cent, of this rock is mostly of a clear yellow, 

perfectly isotropic, gel-like variety ; its minimum refractive index is 1*520. It forms 

uniform margins around the larger sideromelans and completely replaces the smaller ones. 
The passage from sideromelan to palagonite is again defined by a dark line of opaque iron- 
bearing globulites. . Along lines of junction, and within vesicles in completely palagonitised 
sideromelans, the yellow gel shows aggregate birefringence accompanied by a change of 
colour to rich reddish brown or greenish red, and the development of an obscurely fibrous 
or scaly structure. This alteration material is indeterminable ; the reddish brown and 
greenish colours suggest, however, that the birefracting material may represent an 
incipient separation of limonite and chlorite. The remaining 7 per cent, of the section is 
occupied by zeolites which are manifestly the last minerals to form. They are always 

associated with the birefracting limonitic or chloritic substance ; they appear to be the 

joint alteration products of the isotropic gel. At least three species of zeolites are present. 
One variety is quite isotropic and has a refractive index of 1*480 ; it is identified with 
faujasite. Another is isotropic or faintly birefringent, with a refractive index lying slightly 
but distinctly above 1*480 and below 1*490; this is analeite. The third variety is iso- 
tropic and lies between 1*52 0 and 1*530 ; it thus agrees with the mineral recently described 
from Vi8ey,t and therefore for the reasons given in that description it may be regarded 
as an impure potash analogue of analeite. 

. Wafer - Content. — A sample of this rock yielded the 'following result : — 

H 3 0 at 105° ...... 10*10 per cent. 

TI 2 0 above 105° . . . . . 8*85 

18*95 

Allowing 4 per cent, of water to the sideromelan, which appeared to be in this case 
a hydrotachylyte, and 17 per cent, to the zeolites, on the. assumption that faujasite and 
analeite were present in equal amounts, the aggregate water content of the gel like pala- 
gonite and the subordinate birefringent variant works out at 21 per cent. Here again 
more than the half of this water was released at 105°. 

4. Palagonite- Rock. 

Occurrence . — A specimen of palagonite-roek (T 12), as defined on page 56, was col- 
lected at about 320 feet from a bed in the massive series of palagouite-breccias which is 
exposed in the gully at Aust;urli<5, 4 miles 8.W. of (ley sir. 

Hand-specimen. — In this rock large and small chips of dull, inierolitie hyalo-basalt. 
and minute specks of black, lustrous sideromelan are seen cemented by a copious reddish 
matrix which has a resinous appearance when freshly fractured. 

* Author, op, cit p. 455, 


f Ibid., pp. 454-6. 
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Microstudy . — The section (PI. II, fig. 3) consists of hvalo-basalt, sicleromelau, pala- 
gonite, and zeolites. Chips of hyalo-basalt, which occupy 12 per cent, of the section, 
have a tachylytic base charged with plagioclase microlites. This opaque glass has not 
been in the slightest affected by the palagonitisation process. Sideromelan, whose pro- 
portion is 5 per cent., is represented in a few relics completely surrounded by palagonite. 
The glass is brown and translucent with a refractive index of 1*612. It is netted with 
the usual curved cracks and it contains microlites of olivine and bytownite. The margins 
of the sideromelans, where they pass into palagonite, are darkened with the formation of 
opaque, iron-bearing globulites. 

1 alagonite occupies /6 per cent, of the section; it is clear and yellow’ and has a 
minimum refractive index of I ‘500. For the greater part the material has a gel-like 
appearance and is perfectly isotropic. It is frequently banded in various shades of yellow, 
the banding running parallel to the outlines of the sideromelan relics. Within the pala- 
gonite crystals . of olivine and microlitic aggregates of plagioclase may be seen ; . the 
sideromelan which originally served as a base for these microlites has been largely or 
completely palagonitised. It is noteworthy that the microlites have lost none of their 
freshness in the process. 


The isotropic palagonite has been partly altered with the production of a pair of 
complementary minerals. Firstly, along lines which in many cases appear to represent 
the original outlines of the sideromelans, strings of a pale-green, fibrous mineral have 
formed As these strings are only 0*01 mm. wide, exact identification is not feasible 
ihe colour and structure indicate that the mineral is a chlorite. Secondly, these 

eioritie yermicuhtes pass into a colourless zeolite which occupies 7 per cent, of the 
slu e. This mineral has very low birefringence, and its mean refractive index lies 
midway between 1*490 and 1*503. It is, therefore, identified with stilbite («- 1*494 
p= i4J8, 7=1-500, Larsen). In addition to this vermicular form of alteration the 
isotropic palagonite has suffered a minor amount of spherulitic crystallisation. Often 
s l ,lieiuhte ' s are . composed of a chloritic shell with a core of stilbite. Sometimes 
chendcalduuM^ 01 '^ ^ fibr6S of P ala S onite which has crystallised without 

II at( < Contt ut, A sample of this rock gave the following values : — 


Kao at 105° 
H./j above 105° 


14'40 per cent. 

5~30 
1970 


AlloUU'g IH I’M mi! to the stilbite end the remainder to the palagonite to«etlier 
«".h the small amount of old,, rite in the proportions given by their respective vttm 

HX eent' L“‘tT * ***■ wMl <™ry ehlorii' works out ai 

1 , r d ° “T pl '° lwrtI011 *M. water was liberated * 105” 

the one tSlTtS md „,re' V A"" 1 ’ 16 “ >ltered in the eollection, and 

be ratlier fully described! l0 “ “ P “' h ’' ps the moat oleail y traceable, it will 

a massive bed Sl ‘ 0re * H ™ lf j” Sur from 

, tMS »»«*>* can rarely be distinguished from 

- %• 4 - ~ fe „,C U, a „„ by i, U „, 
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matrix. The specimen is dark greenish black in colour, and a freshly broken surface 
lias a rather smooth, homogeneous appearance and a resinous lustre. These, it will 
be remembered (p. 54), are the characters which von Waltershatjsen ascribed to 
Pcdagonitfels. 

Microstudy. — In the section (PI. II, fig. 4, in ordinary light, PI. II, fig. 5, under 
crossed nicols) it is seen that the rock has suffered extensive alteration. The slide con- 
sists of sideromelan, palagonite, chlorite, and zeolites. Fresh sideromelan, whose proportion 
is only 3 per cent., occasionally occupies the central areas of larger vitreous fragments 
which have been otherwise completely altered. Its colour is chocolate-brown, indicating a 
notable ferric-oxide content, and its refractive index is 1*615. It is free from opaque 
patches, but it contains a few mierolites of olivine and plagioelase. In observable 
characters this glass compares more closely with the VicSey sideromelan (p. 63) than 
with the Grullfoss material (p. 56). 

Palagouite occupies 76 per cent, of the section. It has almost completely replaced 
the original sideromelan. In many cases the networks of curved cracks proper to the 
sideromelan have been preserved in the palagonite, which in some cases also contains 
mierolites of olivine, which are no less fresh than those in the unaltered sideromelan. 
Palagonite of an originally more mobile nature — i.e. in a more highly hydrated colloidal 
condition — cements the replaced sideromelans into a coherent whole. This accounts for the 
almost homogeneous, smooth, resinous appearance of the fracture surface in the hand-specimen. 
The palagonite is isotropic and its minimum refractive index is close to 1*500. Where it 
has replaced sideromelan, it is apt to be cloudy and yellow to yellow-brown in colour ; where 
it fuses the replaced sideromelans together it assumes the form of ideal gel-palagonite, 
which is clear and structureless, and has in this case a pale yellow-green colour. • 

The palagonite has partly crystallised with the formation of chlorite and zeolites, 

which minerals occupy respectively 14 and 7 per cent, of the section. This alteration, 
which has taken place principally within the gel-palagonite, has resulted in vermicular 
and spherulitic aggregates. The former is displayed in the palagonite films which fuse 
together adjacent palagonitised sideromelans ; the latter is assumed where crystal- 
lisation has commenced' spontaneously within larger palagonite areas. Chlorites and 

zeolites are constantly associated ; chlorite has clearly formed first, leaving the zeolites 
to crystallise from the residual constituents of the gel. The chlorite is green and 

fibrous, the fibres lying radially in the spherulites and normally to the trend of the 

vermicular areas; it sometimes presents botryoidal surfaces towards the centrally-lying 
zeolites. The radial fibres are pleochroie, ranging in colour from dark (dive-green to 
pale yellow-green; their mean refractive index is 1*594, their birefringence is about 0*01, 
and their extinction angle is nearly zero. This association of properties distinguishes the 
mineral as cliuoehlore. 


The zeolites occupy the circular centres of the ehloritie spherulites and the central 
sinuous areas of the vermicular patches. An isotropic and an anisotropic variety can be 


distinguished. The refractive index of the isotropic zeolite is slightly above 1*480, and 



mm 






distinctly below r 1*490, thus ruling out all species except analcite (n~ 1*487 ) and faujasite 
(n = 1*48). Other optical tests failing, a consideration of the analysis which follows 
indicates that faujasite, with its lime-content and its low soda and high water, is likelier 
than analcite. The refractive index of the anisotropic zeolite is faintly below 1*503, and 
distinctly above 1*490. Comparisons with fragments of known zeolites lying within this 
range indicated stilbite, 
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Chemical Composition . — A sample of this root 
the following table : — 


none 


none 


none 


none 


none 


none 


none 


III. Sideromelan. Gullfoss, Iceland ; quoted from page 57. 
These analyses will be discussed in later sections, 
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melan gave only 0*25 per cent, of water. Oxidised magmas would tend to produce 
darker glasses than unoxidised magmas, but an inspection of a number of analyses of 
tachylyte makes it clear that the FeaCVFeO ratio in these glasses is not systematically 
higher than in analyses of sideromelan. Again the persistent appearance of olivine and 
plagioclase in that order of abundance in all the known sideromelans, and the constant 
refractivity of the Icelandic sideromelan. whose refractive index in eight measured eases 
varied only between the narrow limits of 1*604 to 1*615. are functions of chemical composition, 
and not specific properties of sideromelan. 

The sideromelan centres of the palagonite cores of some manganese nodules dredged 
from the bottom of the South Pacific * agree in every respect with the Icelandic sidero- 
melan. The abyssal sideromelan must have originated from submarine eruptions, which 
mode of eruption would cause ultra-rapid chilling of the extruded magma and cracking and 
shattering of the resultant glass into angular, non-vesicular fragments. This chilling was 
evidently sufficiently drastic to inhibit the facile separation of opaque ores and thus to 
produce translucent sideromelan. Similarly, the tuffs of the Val di Koto, which contain 
shelly fragments, also resulted from submarine eruptions. In Iceland sea-water cannot 
have been the chilling agency, as two of the described examples containing typical sidero- 
melan were found far above the 300-foot line of highest submergence ; it is significant that 
these two specimens (HungurskarS, 2100 feet, p. 58, and Hraftinnuhraun, 2200 feet, 
p. 62) were taken in close proximity to the present margins of the ice-fields. Tiud- 
fjallajokull and Torfajokull. which are but small relics of the Pleistocene ice-sheet. For 
this and other reasons given elsewhere, t it appears in the highest degree probable that the 
production of sideromelan in Iceland was due to the ultra-rapid chilling effect of the 
Pleistocene ice-sheet on the products of sub-glacial volcanoes. 

Sideromelan does not, of course, conform with the criteria of a mineral species, as VON 
W altersh atj sen thought ; this glass has, however, sufficiently well-defined characters to entitle 
it to be classed as a miner cdoid, the apt name proposed by Kiedzwiedzki + for all naturally 
occurring homogeneous amorphous substances. 

IV. The Katut;e of Palagonite. 

1 . Nomenclature and Status. 

From the description it appears that the general complete sequence of alteration of 
sideromelan is the following ; sideromelan is more or less completely converted into a 
yellow material which may be either structureless and perfectly isotropic, or obscurely 
fibrous and birefracting ; this material then breaks down into chlorite and zeolite. The 
examples which contain the yellow material in greatest amount, i.r. the specimens classified 
as palagonitc-rook are those which display the characters ascribed to Pahtyouilfcls by 
von Walteushause.v. The yellow material may therefore appropriately be called palagonite. 
This use of palagonite is also in complete accord with the usage of Murray and Reward, 
who used palagonite to denote the yellow and red non-crystalline hydration products of 
sideromelan. To distinguish the isotropic, gel-like variety of palagonite from the feebly 
birefringent, obscurely fibrous type, the terms “ gcl-palagonite " and “ fibro-palagonite ” were 
proposed and employed. As the two varieties appear to differ only in structure, the suggested 
terms seem suitable and useful. 

* Murray and Rickard, 1801, pi, xvi, tigs. 1-4. t Author, 1020, pp. 400-1. f 1900, pp» G01-G3. 
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As palagonite is not constant in chemical composition it has no claim to recognition 
as a mineral species; as a definite petrographic entity, however, palagonite is eminently 
entitled to be classed with sideromelan among the mineraloids of Niedzwiedzki. 


2. Microscopical and Chemical Characteristics. 


Gel -palagonite appears to be the ideal, although rarer, form of palagonite ; when 
completely structureless its only microscopic characters are its colour and its re- 
fractive index. While yellow is the most frequent colour displayed, greenish and brownish 
varieties were observed. The refractive index of palagonite is somewhat variable ; a lower 
limit of 1 50 was found in a number of cases, and isolated cases of 1 *52, 1'49, and 1*48 
were observed. In one example (T 12, p. 64) gel-palagonite displayed well-defined periodic 
banding in various shades of yellow, without showing birefringence. As one would expect 
the gel-form of palagonite is very unstable and readily passes into fibro-palagonite. This 
crystallisation may be of a submicroscopic order, when its existence is revealed only by 
obscure birefringence, or it may result in the formation of minute, definitely arranged 
fibres which, are oriented normal to lines of junction bet*ween adjacent replaced sideromelans, 
or around cavities.. The birefringence of fibro-palagonite is low, and its measured refractive 
index is not appreciably different from the average refractive index of gel-palagonite. 

In the sections examined areas of palagonite, uncontaminated by sideromelans or by 
subsequent decomposition products, never reached 1 mm. sq., and therefore the mechanical 
separation of a sample for analysis was impracticable. Indirectly, however, the analysis of 
the palagonite-rock, S 30, together with the knowledge of the approximate proportions and 

composition of the components other than palagonite, give an indication of the chemical 
characteristics of palagonite. * . 
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This glass disintegrated spontaneously after a few weeks. This and other similar experi- 
ments convinced Barus that the water-glass thus produced was strictly a colloidal solution 
in water, i.e. a hydro-gel. In a series of high-pressure experiments in the hydration of 
acid volcanic glasses, and of artificial glasses of known composition, Schott and Ljnck found 
that at a pressure of 35 atmospheres and a temperature of 243° C., a glass of the com- 
position of a peridotite absorbed 18 per cent, of water in 10 days, while a glass of granitic 
composition acquired only 5-| per cent, of water in the same time.* There are thus good 
reasons, especially when we consider the conditions under which palagonite was formed, 
for believing that the water in palagonite is present in the form of a colloidal solvent. 

In all the sections, lines and zones of opaque globulites were observed along the 
margins of the relics of fresh sideromelan ; these globulites are presumably ferriferous in 
constitution, and therefore the hydration of sideromelan is probably accompanied by a slight- 
separation of iron. It was contended that in sideromelan the facile separation of iron-ores 
was inhibited by drastic quenching, and it is therefore logical that this same component, 
should be the first to precipitate from the unstable gel. The new analysis of palagonite- 
rock agrees with all previous ones in showing that palagonitisation is accompanied by an 
almost complete oxidation of the iron in the original sideromelan. The small proportion 
of ferrous oxide in the analysis of S 30 must belong largely to the chlorite in that- rock. This 
oxidation of iron is in keeping with the fact that colloidal ferric oxides are of frequent 
occurrence, while ferrous hydrates are unknown. 

Comparing analyses II and III (Table, p. 66) it will be seen that the change from 
sideromelan to palagonite-rock, the latter being calculated to the anhydrous basis, is 
marked by the loss of 3*71 per cent, of lime. As the palagonite-rock contained a notable 
amount of zeolites, the lime content of the gel-palagonite must be even lower than that of 
the whole rock. Other analyses show the same feature to a more marked extent. The ealeite- 
free version of an analysis of palagonite-rock from Krisuvik gives 3*84 per cent, of lime.t 
and the lime-value of the deep-sea palagonite from Station 276, Challenger Voyage, is only 
1*88 per cent.! Bunsen already noticed that the lime in the Icelandic palagonit e-tuffs, 
even when his analyses were calculated to the anhydrous basis, was consistently lower than 
the lime in the normal Icelandic basalt. § It may, therefore, be concluded that palagonite, 
when calculated to the anhydrous condition, is poorer in lime than the parent sideromelan. 

Considering the alkalies, the new analysis shows that whereas potash remains practically 
constant there has been a notable loss of soda in the hydration of sideromelan. Again 
Bunsen’s analyses show the same feature. In eight analyses by him of Icelandic palagonilic 
rocks, the average figures for the alkalies are 0*86 per cent, of soda and 0*72 per emit, of 
potash, jj while the average soda and potash percentages in ten recent analyses of Icelandic 
basalts, excluding I hose of alkaline tendencies, arc respectively 1*07 and 0*57. The less of 
some soda, doubtless bleached out as sodium silicate, is therefore a constant feature in the 
hydration of the Icelandic sideromelan. The deep-sea palagonite, on the other hand, shows 
a notable acquisition of alkalies from the sea- water. 9 : 

As there is general agreement between the remaining components of palagonite-rock 
(reduced to the anhydrous basis), and of the parent sideromelan, we may conclude that 
palagonite is essentially a hydrogel of sideromelan, the hydration being accompanied by 
an almost complete oxidation of iron and a partial loss in some soluble form of lime 
and soda. yby 

* 1924, p. 114 and fig. 2. t Author, 1 924 5 (B), p. 312, anal. BA 

§ 1851, p. 857* || Ibid., j»p. 852-3. 


| Murray and LUnard, oj% cit p, 493, anal 94* 
If Murray and IIknaud, lor, Ht 
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+ + refractive index of water is 1'33. These facts 

have been plotted on the refractive index : 
composition diagram, fig. 4. The three points 
for palagonite fall below the straight line 
joining the points representing pure sidero- 

ao 40 60 80 /oo me * an anf ^ P ure water , and it is improbable that 

the relation is strictly rectilinear. ' As the re- 
fractive indices of the three examples of gel- 
palagonite are minima, i.e. values corresponding 
to the most hydrated portions, the average 
will actually lie somewhat higher, therefore nearer to the straight line. For 
. e P m ’P oses > therefore, the rectilinear relation might be assumed to hold, and 
ms mowing the refractive index of a palagonite and of the sideromelan from which it 
was derived, the approximate water content of the palagonite could be readily computed. 

4. The Conditions which 'promote Palagonitisation. 

There appear to be three possible sources of water in the palagonite; these are 
meteoric water (including glacial drainage water), hot-spring water, and sea-water. Water 
actmg^at atmospheric temperature and pressure must undoubtedly be less potent than water at 
high temperatures or high pressures. If it can be shown T ' 
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been just submei'ged when the massive series of overlying basalts were poured out ; in 
that case sea-water may have acted at elevated temperature. Again, the many basaltic 
intrusions which have entered the Breccia Formation must frequently have caused local 
heating promoting palagonitisation in siderom elan-tufts saturated with glacial waters. 
Schott and Linck have remarked that the amount of hydration of glasses is increased by 
pressure, while elevated temperature reduces the amount of hydration but accelerates the 
reaction.* It was previously indicated that gel-palagonite appeared to have a somewhat 
higher water content than fibro-palagonite, and on considering the notes on the occurrence 
of the various specimens, we find that the tuffs which are characterised by gel-palagonite 
ft, re those which have been submerged and have therefore been acted on fit raised pressure 
and low temperature, while those which contained dominant fibro-palagonite were always 
associated with hot springs. 


5. The Final Breakdown of Palagonite. 

In the two examples of palagonite-roek and in the palagonite-tuff from ViSev 
p. 63), the development of a pair of final alteration minerals was observed within the 
palagonite. This alteration sometimes took a composite vermicular form along the junc- 
tions between palagonitised siderom elans ; sometimes it displayed a spherulitie habit, the 
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Chlorite. 
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CO, 


spherulites either growing spontaneously within the palagonite, or commencing as cavity- 
linings. In each case the vermiculites and spherulites consisted of ehloritic materials and 
zeolites which had formed in that order. In one case clinochiore was identified ; in the 
other cases the exact nature of the ehloritic material was indeterminate. Among the zeo- 
lites faujasite, analcite, ptilolite, and stilbite were recorded. A consideration of the 

* Op . at ., p. 113. 
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chemical composition of these two alteration products shows that they contain together all 
the components of palagonite except ferric oxide. In one case (V 9, p. 63) limonite was 
indicated among the final products, thus accounting for the ferric oxide in that palagonite. 
In other cases, where palagonite passed into chlorite and zeolites without the formation of 
opaque or brown material, we must conclude that the ferric oxide in the palagonite was 
argely reduced to the ferrous condition before entering into combination as chlorite. 

- ie ****** water ° 01lt ® nts of the above chlorites and zeolites is distinctly lower than 
f of P al y° mte > and therefore the formation of these minerals will have followed upon a 
lelaxation of the conditions which promoted palagonitisation. Pressure, it was seen, promotes 

condition 1 ' Tncli wpK M ^ ^ enC0Ura S e cl 7stallisation to the less hydrous 

condition. >buch a relief of pressure has occurred in the eases of palagonite-roeks which 
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6. Palagonite in Basalts and Dolerites. 
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while tending to estrange the Cape Flora material from chlorophaeite, does not the better 
entitle it to the name palagonite, in which material this ratio is characteristically high. 
Again, the water contents of I and II, although apparently systematically lower than 
those of III and IV, are also lower than the average water content of palagonite. But 
there are more serious objections to this use of palagonite. If the data and arguments 
of the foregoing pages are considered trustworthy and valid, then palagonite must be re- 
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served for the hydrogel of sideroiuelan which occurs only in fragmental basaltic ejecta: 
and. palagonitisa lion must he regarded as a mild hydration process (accompanied by 
certain minor chemical changes) which, takes place at low or moderate temperatures and 
has no effect cm opaque glass or on felspars or ferromagnesian minerals. The so-called 
palagonite in basalts and dolerites has arrived at a somewhat similar composition to the 
Icelandic tuH'-palagonite by an entirely different process, in e\ery case these, so called 
palagonites are either the solidification products of the last, therefore highly differentiated, • 
aqueous liquor of a basalt or a dolerito, or the products resulting from the reaction of 
this liquor with vitreous or cryptocrystalline mesostasis, or with crystals of ferromagnesian 

* Data collected from both papers. t Chemical constituents t.o the nearest whole number. 
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h!!wJ S ’ feI f Par i’ 7* ° V T ? U \ inSte T d of using P ala g°^ite to embrace chlorophseite and 
kindred materials formed under the above conditions, as Fermor* suggests the author 

recommend, in the light of the new data, that palagonite be^reServed ^ 

jcio^e o su eiomelan, and that another term be devised for late-magmatic residual 
materials m basalts and dolerites. ° C , lesulual 

V . Summary of Conclusions. 
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EXPLANATION OP PLATES. 

Plate I. 

Pig. 1. Sideromelan from the : sideromclau-tuff (T 21) which is associated will, „i., f .;..i r , . , tlr 
of the gorge of the Hv/tii, at (Ml toss, Iceland. The sideromelan is a vorr pale apple-^een h'isTitk- V"- 1 
microlites ot olivine and anortlute. The absence of opacity in this -lass tii fontml vd.f 1 t ™nta.nmg 

tro,„ taoliylyte, do. to , .It,™,, id .hilling g the inhihiti™ e'f ‘ L SK Jr 1 " 1 

a r.,n ol the ,„a g ,i,a bomg «|™W eolyghteially. UmOml m pp. »6-7 ; JL, on „ 77 A , 8 ™ 

~&sssrtt^ Ji * - - 

ot .he »£ir5S::“e5‘:,d' ! fa " ,c i> ~ u » a - 

Pig. 4. Palagomtie lull (S lie <•), from the IMrfcll, :ij, miles S.S.E. of Samlur, Sua- fells IVi.insuls | C elnml Tl 

^ - -»« XJi: 

eetie J r !a “ <! - T " e 

the expense of the sideromelan. Described on pp. 60-61 (120 diameters). ' 1 * afe °“ lt0 " “ ch haS fomGd at 
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Plate II. 



Fig. I. Palagonite tuff (T 83) from the fumarolic region on the N. bank of the Markarflidt where it skirt* th 
northern margin of the Hraftinnuhraun, 3 miles W. of the edge of the ice on the Torfajokull Iceland The It 1 

“ TZZXSm Described on p. 62 (80 diameters) 

b,ok “ dora into * “ ■*— — — ('-S-T5 
'rz^„L u Xv "d*:™,™ oi snT cei, f ?,-*• — * 

«n„ banding, brohen d„,-„ t o L. £ 

...d,\! b 1,e tt the a shore - *• «»>#**. *► 

'““ZTS' “ d!l ‘T to \ ““ ri “ " pp - 64 ”- 5; -w.« 7eT ( uotZSt'" t,c in ‘° dino ‘ 
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diameters). jaate and the shghaj mdrned eitootaon-cross of clinoehlore in sphernlites (120 
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(MS. received May 24, 1926. Read June 21, 1926. Issued separately November 11, 1926.) 

i knowledge of the earliest stages of blood-vascular development in the human 

“ Me tr, m * 1 e ” th 0f >" ** human specimens are t fe, “ U v 

available for exammation; many are pathological; some, although of value f„, l„ 

purposes, are not sufficiently well preserved to furnish observations on angiovenesis ; direct 

ici oscopic observation of the tissues while undergoing development An not be Wriprl 

o°n dtcripal VsT’ iD t ae CUCk embl7 °- °“ r <* >— must be Zltl 

therefore, ^are "*** MWa - ) • 

of th?: ve the °PP ortm,i V of recording the blood-vascular development in two specimens 
the piesomite stage, vis. the Teacheb-Bryce No. 2 and the Mistype These two 

rstr *’ 7 bee V e T ibed by Pl '° faSSOrS “» T-CHEE.tnd tte reata 

If Which tl P a P®rs for the anatomical detail. The development of the system 

which tins paper treats has been considered in broad principle by Beyce but onlv in 
so for as rt completes tbe anatomical description. Herein it’ is proposed t„ set down in Le 
detail the vascular picture as it appears in these specimens. 

The data accumulated will then be considered alongside that supplied in deserintion, 

Me ” : y emb , ry ° S ; controversial points are encountered in JL litemture 

. ■ le as an example, the origin of the earliest angiohlastic tissue. Does it arise from 
mesoderm or from oudoderm ? isolated fixed specimens do not lend tl.eiusolvls n-ulilv 
to a so lut.ou of tins problem, and recourse 1ms been had to experimental work ™ S 
matcual. Needless to say, no human material is available. Of this type of work the most 

7r! h ,.T St "T""" 4 . 18 tlmt of IVofewur Sabin, who finds by direct' ,Ler,atio, 
o. 1C J iiSiiK cnn of the chick that the angioblast is developed from incsodenii Wane’s 

wore on ferret embryos, wherein specimens of different ages arc followed through ’successive 
stages, is another recent addition to our knowledge of vascular development ° ' ‘ 

\ n e material, other than human material, may be employed to settle general questions 
ie detail of early vascular development must come from human specimens Sti> kt v in 
descr, img Ins specimen (Mateer), pays particular attention to the vicular i 

( 1920 ) describes, with special reference to the vascular system, an embrvo relserUmo C 
vmy important stage m the development of this system, vix. the stage at which the vascular 
elements m the .different regions (chorion, yolk-sac, blastoderm) have commenced to establish 
connection with one another, although the process is not yet com Dieted Hi 
“ most beautifully aud clearly illustrated. Tins speeimet, is'of .special falue whenVA “a 


V OJ.U ULUt/Xi, b 

* ~~ “ w in -one ±iuman Embryo -prior to the 
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Only one paper embodies the views of an observer after personal examination of a series 
of early human ova. I refer to Bremer’s article of 1914. His views must be regarded as 
holding a most important place in the literature. While reference in detail will be made 
later in this paper to the work of Sabin, Wang, Streeter, and others, to appreciate properly 
the bearing of this new material on Bremer’s work it will be necessary at once to state 
some of the conclusions at which he arrives. 

After examining many of the known specimens, Bremer concludes that “ the earliest 
blood-vessels arise separately in the yolk-sac and in the body-stalk, by multiple anlages. The 
anlages in the body -stalk (and perhaps also in the yolk-sac, cf Jung’s fig. 17) are funnel-shaped 
ingrowths of the surface mesothelium. ... By partial fusion of the walls of an ingrowth 
a portion ot the coelom, still bordered by mesothelium, may be cut off as a separate cavity, 
lying deep within the substance of the body-stalk. The endothelium seems to arise either 
(a) by delamination from the walls of such a detached portion of the coelom, or (6) by direct 
extension, in the form of an augioblast cord, from the mesothelial ingrowth. . . . Extension 
within the limit of the areas covered by the mesothelium is achieved by confluence of the 
detached portions of the coelom, or union of the cords ; the result is a net comprising the 
various vascular units. Extension into the chorion, where the mesothelial layer is absent 
in the early stages, appears to be by direct centrifugal growth of the augioblast cords, 
without the addition of new elements from the surrounding meseuchyma. ...” 

After delamiuation of the endothelium we have, therefore, spaces regarded as isolated 
portions of the coelom, referred to by Bremer as “ unlined spaces,” containing strands which 
will go to form endothelium. 


TEACHER-RRYCE OVUM NO. 2. 

The ovum was found by Professor Teacher at autopsy. The fixation and histological 
detail are. excellent. This is worthy of emphasis, as it renders the specimen particularly 
valuable m supplying data regarding the many unsettled questions which arise in con- 
nection with vascular development. The following summary of measurements and anatomical 
notes indicate the stage of development reached 


External dimensions of chorionic vesicle (roughly) 

Cavity of chorion ... 

Blastoderm 

Yolk-sac 

Amniotic cavity 


4 x 4*5 x 3*5 mm. 

2*8 x 2*6 x 2*25 mm. 

0*2 x 0’1 to 0'15 mm. 
Q’05 to 0‘2 x 0*396 mm. 
0*09 to 01 x 0*16 mm. 


The yolk-aae, greater in size than the amnion, is conical in shape and is prolonged in 
r, “ tire cborion.* AnYiantoic diverticulum 

^ftili^SiS! 1 JeV6l0Ped “ d SU0W Aching. 

as tl Z IT lA ‘° “‘ e Part ° f ei,0ri ° nic ™ ick the Pf* of entrance 
7h, ho l ■ A 1 ' r 1 ““ opposite on the decidua basalis and & the vicinity of 

the body-stalk as the embryonic pole." These terms will be employed similarly h«T 

t to »«- * t 

• v ' ■ : v ' ■ ■ . - ■■■;- ' YU 
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Chorion. 

Before considering the question of vascular rUv-m , ,, 

arrangement and stn.ett.re of tl,e chorionic mesoderm is „S ai 7 71“ ,1° W 
inner surface, and in direct contact with it the avQTm i . , , . ’ ' J us - ver on its 
the blastocyst which have been described by Bpvp^ ' ICQ ar coa S' ula ted contents of 
towards the embryonic pole lies on the inner surface A f ” S mat ® ml which had settled 
and makes it difficult to define the inner limit n r ‘ " 7 * ver ^ loose] 7 arranged tissue. 

™»fe» of varied form, apheri,” or ,! f 1°“°' “A “• ”“ lei <* «• doriomc 
range. This tissue caunot be W 

eomleusatiou of protoplasm around the nuclei. " J 1” „ton ’th f "'"C' * * 

With tapering extremities and with the W ,vi- ' 1 v au elou S ated form 

nucleus. A distinct cell-envelope is absent ° The* CO “ espoil f ng to that °f the contained 

— m at the embryonic pole £ 



Text-fig. 1. 
the embr 
to a view 


•yonie pule directly oppLteS^Sm of * n s ( m of t!l ° chorionic 
at right angles to the microscopic sections, or to a silhouette &°*Zi£iL iSSJ, 




mesoderm at 
is equivalent 


These 
Where 
separating them 

In many of [ hose 
The significance 


shows small patches of what resembles a mesothelial covering (PI f fio . m 
small patches are not continuous with the mesothelium of the connecting' stab' 
they exist there is a zone of fine reticulated structure devoid of ” 

from the underlying mesoderm. ' 

Round the wall of the chorionic vesicle spaces occur in the mesoderm 
there are present strands of nucleated protoplasm staining deeply will, cosin 
of these strands and their relationship to the spaces in which thev lie ,.V • A • ™ 

. ^ ie s P aees form a complicated branching network disposed tv, rhi!- i ' V<T : ‘y*’ 

layer (text-fig. l). The system is not continuous throughout! Some channel,! •• !’ !" ! 

traced through several sections, while a few appear to open into the lumen cf W 1 

vesicle. The wells of the spaces cauuot he Jl have l! W 

a rod-shaped nucleus is seen in the wall, but this is no more frequent tinn'in H, 
elsewhere. More often the nuclei in the wall of a channel arc ovoid all without , m 
definite condensation of protoplasm around them than exists in relation to the mH 7™ 
nuclei m general. Often no nuclei are seen in one wall of the space for a considerable 

and tms occurs mostly on the side towards the lumen of the vesicle .\«, n j,, nl * ’ ' ‘ l ’’ 

appears m part of its course without any nuclei in the immediate vidniTv of its walls' Id the 
walls themselves are ragged and irregular. One is left wit h the definite impression that th 
are spaces which have opened up in the mesoderm and that there is very liule if «, v ‘ ' 
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condensation of the mesoderm cells around them. The spaces are present principally in the 
inner region of the mesoderm, although occasionally they are seen near the trophoblastic 
covering but are never in direct relationship to it. They are not continued into the mesoderm 
of the villi. They form a striking feature at the embryonic pole, where they are of greatest 
calibre. Passing round the blastocyst towards the vegetative pole they are seen to diminish 
in size, until near the operculum where the mesoderm layer is thin they are infrequent and 
inconspicuous. At the area on the equator of the blastocyst, where the prolongation of the 
yolk-sac is attached, they are specially large, interrupting the gradual transition from pole to 
pole. Where patches of mesothelium-like cells exist, no connection of these with the spaces 
could be made out. 


The nucleated strands in the chorion can be recognised only in relation to the spaces or 
channels described above (PL I, fig. 2). In its typical form a strand consists of an elongated 
syncytial mass running in the lumen of a space. The protoplasm is small in amount and 
drawn out into a thin thread between nuclei where these are far apart. The protoplasm stains 
more deeply with eosin than that around the ordinary mesoderm nucleus. In the neighbour- 
hood of the base of the stalk the protoplasm in places may swell out to contain several nuclei 
which are oval, rounded, or kidney -shaped, and are a little more regular in size than those of 
the mesoderm. The protoplasm has usually a clean-cut edge, but now and then the surface 
appears to have very minute thread-like processes passing from it. The nuclei where the 
strand is a more slender one are elongated and sometimes show a curved axis. In individual 
sections a strand may appear to be entirely free in the lumen, but often a narrow attachment 
to the wall is present (PI. I, fig. 2). This attachment may be broader, and at times the strand 
forms one side of the wall of the space. Where a strand of some length appears, it may run 
obliquely from one side of the space to the other with attachment at either end. 



MHMM 


Now and then a strand is seen to terminate free in a space, and this takes the form of a 
tapering, sometimes curved, tail-like ending. Plate I, fig. 3 represents a high-power drawing 
with the aid of the stereoscopic eyepiece, by Mr A. K. Maxwell, of a medium-sized strand. 
Like the spaces in which they lie, these syncytial strands do not form a continuous network. 
The laigei ones branch and form isolated network systems throughout the mesoderm. No 
continuity of these structur ' ' ’ " 
mesoderm could be established 
memoir (PI. iv, fig. 18), to which reference 
do not show the presence of a lumen 
of many of the strands strongly sugs 
observed the actual diffs " ' ' 

and the angioblastic tissue unites to form cords of cells 
of a human embryo, multinucleated, protoplasmic 
complete endothelial tubes. 

In the next specimen to be described the earliest 
is found in solid, deeply-staining, nucleated strands, and 
containing, channels are present. One has little hesita- 


es with the mesothelium-like patches on the inner surface of the 
Excepting one strand described and figured by Bryce in his 
will be made later in this paper, these structures 
The arrangement of the nuclei and the general contour 
SB est the possible, early appearance of a lumen. Babin has 
'erentiation of mesoderm to angioblast in the blastoderm of the chick, 

Streeter describes, in the chorion 
strands and intervening; stages un to 


The; space; 
that they are, 
that some of tl 
are not numer 
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of spaces or cavities were distributed generally throughout this zone, it would be surprising 
if a few of these did not communicate, as mere accidental occurrences, with the extra-embrvonic 
coelom. On the other hand, the spaces, whether they communicate with the coelom or not, 
may have been produced by the identical process which brought about the formation of the 
coelom. The extra-embryonic coelom in this ovum is established, and the arrangement of the 
spaces makes it unlikely that they will go to produce its further development, so that thev 
are not a part of the process of coelom formation. The fact that most of the spaces do not 
communicate with it merely indicates that they are not formed by tubular extensions of the 
ccelomic cavity into the chorionic mesoderm. It should be noted also that they never contain 
any of the granular coagulum present in the coelomic cavity. 

A point which is worthy of consideration is the possibility that these spaces have been 
merely potential during life, and that they have become actual only in the course of preparation 
of the specimen. Against this we have the absence of distortion of the tissues in their vicinity 
and the presence of many with a wide and sharply defined lumen. In the preparation of the 
specimen slight exaggeration of the spaces, present as actual channels in the living state, may 
have occurred. 

The solid protoplasmic strands in these channels are regarded as angioblastic tissue, they 
are destined to form endothelium and blood corpuscles, as wall be seen in the earlier forms in 
the chorion of the MTntyre ovum. There is no evidence to support the possible view that the 
spaces represent vascular channels and that the strands will go to form blood-cells only. 

I venture to suggest in explanation of these channels that they are present to facilitate 
the rapid diffusion of material for the nutrition of the tissues of the ovum. As might be 
expected, they are found in direct relation to the angioblastic tissue which at this stage 
requires special provision for its rapid, even precocious, development. They persist only for 
a very short period because when the extra-embryonic coelom is fully formed, and the vesicle 
has become larger, the chorionic mesoderm is relatively a much thinner layer and has a 
greatly increased area. This improvement in facilities for diffusion having been established, 
the spaces disappear, the vascular elements lie in direct contact with their surroundings, and 
the chorionic mesoderm as a whole becomes a more condensed layer. The MTntyre ovum 
will show this stage completed. 

j Body-stalk.' 

Angiogenesis in the base of the stalk takes the same form as in the chorion. Here the 
mesoderm forms a considerable mass, but is broken up by the spaces which contain the 
angioblastic strands. The spaces are irregular in shape and taper off in several directions 
in the plane of the chorion into the more regular channels seen in that membrane. The 
contained strands are here less slender. Sometimes quite a mass of protoplasm with numerous 
nuclei is present, and this, at intervals, shows a broad attachment to the wall of the space. 
Again, the mass may appear broken up into small portions containing one, two, or three nuclei 
only. The spaces in the stalk come into close relationship with the amnion duct, but, close 
to the amnion itself — that is nearer the embryonic end of the stalk -another mode, or perhaps 
phase, of blood- vascular development is found. Collections of cells situated in the mesoderm 
of the stalk have all the appearances of early blood-cells. I he two largest of these can be 
traced through four and five sections respectively. The remainder are smaller and consist of 
four to six cells. The cells stand, out from the surrounding mesoderm by virtue of their 
nuclei being more rounded and more regular in size than those of the mesoderm in general, 
also, each nucleus has a narrow rim of deeply-stained protoplasm making the individual 
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cells spherical. Although the protoplasm is not frankly haemoglobin-coloured, the deep 
staining is highly suggestive. The spaces in which these cell masses lie differ from those 
already described in that they have the lumen almost completely filled by the contained 
cells. ' Further, there are cells arranged around the wall, in appearance similar to those in 
the lumen of the space except that here and there the nucleus is elongated and is disposed 
along the wall. In one section (PI. I, fig. 4) the collection of cells appears as if it had been 
formed by a sinking in from the surface in the direction indicated by the arrow. The space 
in which* the cells lie would thus be regarded as continuous with the coelom. Traced from 
this section, the space with its contained cells is found to run obliquely to the middle of the 
stalk in a direction away from the chorion. This arrangement and the appearance of the 
cells gives quite a different picture to that of the spaces at the base of the stalk and in the 
chorion. 

If the interpretation that the space mentioned above communicates with the coelom 
is correct, it lends support to Bremer’s view that funnel-shaped ingrowths of the mesothelium 
of the body-stalk occur in association with the earliest stages of vessel-formation. 


Yolk-sac. 

The yolk-sac is cut very obliquely to its long axis. For the most part both encloderm 
and mesoderm are composed of a single layer, and in both of them localised thickenings are 
seen sparsely scattered throughout. In the mesoderm this takes the form of a duplication 
of the single layer with a suspicion of radial arrangement of nuclei. Otherwise they differ 
no way in appearance from the rest of the layer in which they lie. There is nothing which 
enables one to label these collections “ angioblastic.” 

In one instance situated in the mid-lateral wall a small mass lies between the mesoderm 
and encloderm (PI. II, fig. 5). This , mass, which is present through seven sections, at one end 
in two sections shows quite definite continuity with mesoderm (PL II, fig. 6). Elsewhere 
it lies free between the two layers. It is clearly a mass of mesoderm which has projected 
in towards the encloderm, and has then made its way along between the "two layers. There 
is no haemoglobin coloration, but the protoplasm stains fairly deeply, and the nuclei are 
more spherical than the adjacent nuclei of the mesoderm and encloderm. The nuclei are not 
arranged in any definite manner, and the mass cannot be resolved into individual cells. There 
is no actual proof that this is the precursor of a blood-island, but in all probability such an 
interpretation is correct. In the narrow prolongation of the yolk-sac to the chorion no 
angioblastic tissue is recognisable. As already stated, spaces and strands are larger and 
more numerous in the mesoderm of the chorion where this attachment of the yolk-sac is 
placed. The encloderm cells of this yolk-sac stalk terminate in the wall of a specially large 
space containing angioblastic strands. This space with a strand is continued into the slender 
mesodermie process which .replaces the yolk-sac prolongation and terminates in the cavity of 
the blastocyst. The appearances in this particular area have been described by Bryce. A 
further brief description will be necessary but is postponed until similar appearances in 
otaev ova have been indicated in the next section of this paper. 


A : " ' 


Villi. 


In the mesoderm of the villi there is no evidence of commencing vessel formation. 
Minute spaces or clefts are present without any special condensation of protoplasm or nuclei, 
in their vicinity, and without protoplasmic strands in their lumen. Many of the spaces were 
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traced in the direction of the chorion, and in no case was communication with a space 
containing angioblastic tissue in the chorionic mesoderm established ; nor do the spaces of 
themselves form a continuous network in a villus. Probably these spaces in the villi 
represent the fluid parts of the mesodermie tissue. They may have become slightly exag- 
gerated in the course of preparation of the specimen, as shrinkage of the mesoderm from its 
trophoblastic covering is not at all common in the villi, while it is seen in places in the wall 
of the chorion. 

Although vascular development is present in the mesoderm of the body -stalk, no evidence 
of its commencement is found in the prolongation of this on to the amnion. There is no 
evidence of the commencement of the process in the tissues of the embryonic shield. 


MTNTYRE EMBRYO. 


This specimen was found by the writer in the course of his work as Pathologist at the 
Royal Samaritan Hospital for Women, Glasgow, in a uterus removed by supravaginal 
hysterectomy. The uterus was partially opened until the blastocyst projected, was washed 
in running water and then placed in Kaiserling’s formalin and salt solution. The specimen 
was immersed in the latter fixative less than an hour after operation. The shrinkage of the 
uterine wall ruptured the decidua capsularis and caused complete separation of the ovum, 
which came away free when the specimen was next handled. 


Measurements — 

External dimensions of chorionic vesicle including villi (after fixation) 14x13x8 mm. 
Anterior extremity of yolk-sac to posterior extremity of amnion 1 75 mm. 
Blastoderm (including primitive streak) length 1'37 mm., greatest breadth 0 5 mm. 
Primitive streak Q'32 mm. 

Yolk-sac (approximately) 1*44 x 1 mm. x 1 mm. 

Amnion, length 1 '28 mm. 


Sections 10 microns thick are numbered from the head end of the embryo to the base 
of the stalk and pass through the embryonic axis exactly transversely. In this embryo the 
primitive streak is fully developed. There is a notochordal plate and a neurenteric canal, 
and the fore-gut has just commenced to close in. The yolk-sac is relatively large and is 
greater in size than the amnion. The villi show plentiful branching. 

Yolk-sac. 

The yolk-sac as yet cannot be said to possess any vessels Blood-islands are numerous 
and consist of multi-nucleated protoplasmic masses projecting fiom the sui act c . t 
Nowhere is an endothelial-lined lumen with free individual blood-cells found. 

As seen in transverse section the endoderm, in the middle ime on too ventral aspect of 
the sac, consists of a single layer of cells of a low columnar type with centrally-situated ovo.d 
nuclei. Traced dorsally to the embryonic area the cells gradually become cuboula 
spheroidal with spherical nuclei. For a short distance before reaching the embryo me , In 1 
the cells are flattened out in the line of the yolk-sac wall Tins area is the th , m l pa, 
and here there is a longitudinal infolding of the wall. The mesodenn cells lia.r a bs» 
regular arrangement and are less constant b s be, form, and in shape oi nuclei. The mfcmrty 
of nuclear staining also varies. In the middle line ventrally the mesode m to ms a thicke 
layer than elsewhere. Towards the embryonic area it is represented by a single layti. Them 
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is a tendency for the mesoderm cells to clump together, and the nuclei in these groups of 
cells have a radial arrangement relative to the surface. The blood-islands are situated princi- 
pally in the lateral wall midway between the embryonic area and the ventral aspect (text-figs. 
2 and 3). This corresponds to an area just ventral to the thinnest part of the wall. The 
cephalic end of the yolk-sac for a short distance is totally devoid of blood-islands, but these 
are seen to appear before the anterior end of the blastoderm is reached. On the left side of 
the yolk-sac the blood-islands are larger and more numerous than on the right. Again, on 
both sides they are more plentiful opposite the head end of the embryo and in the area of 
yolk-sac wall bridging across the tail-fold. Between these two areas they are scanty in 



a lateral elevation of the yolk-sac* The blood-islands of the yolk-sac have been plotted in to scale from individual drawings of the 
sections. The numbers of the sections are indicated. It was not considered necessary to correct the reversal of the view as taken from 
the sections. 

number on the left side and still less numerous on the right. Away from the mid-lateral 
wall towards the blastoderm margin, or towards the ventral aspect of the yolk-sac, blood- 
islands are rare and when present are small and in an early stage of formation. 

The blood-islands show a variety of forms, and these may be divided for purposes of 
description into four types which are taken to represent different stages in development. 

Stage 1. -This form, which is regarded as the earliest evidence of blood-island formation, 
consists of a hemispherical mass with the central nuclei becoming spherical (PI. II, fig. 7). 
The mass projects slightly from the surface of the yolk-sac. The protoplasm possesses no 
haemoglobin colouring. This form is taken to represent a stage following on the group- 
ing of mesoderm cells already described. There is no proof that it is the precursor of a 
blood-island except that the next stage is similar to it, with, the addition of haemoglobin 
yepiouring of protoplasm in the centre of the mass. 
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Stage 2. In this stage (PI. II, fig. 8), the central nuclei are mostly spherical, have a 
bold outline, and stain less deeply with hsemalum than the adjacent mesoderm nuclei. In 
the periphery of the mass showing haemoglobin colouring one or more deeply stained 
crescentic nuclei may be seen. These are not constantly present, but when present appear 
to belong to the central mass rather than to the surrounding protoplasm. 

Stage o. Increase in size of the blood-islauds results in definite projection from the 
surface, and the mass originally hemispherical becomes almost spherical in section. The 
bulk of it is composed of protoplasm showing haemoglobin colouring and numerous faintly 
stained spherical nuclei of regular size (PL II, fig. 9). This mass cannot be resolved into 
individual cells. Surrounding it there is a narrow zone of protoplasm uncoloured by hemo- 
globin, with nuclei in a single layer. These nuclei are well spaced and irregular in shape. 
The protoplasm of this surrounding zone cannot be sharply demarcated from the central mass. 

Stage 4. — This still more advanced picture (PI. II, fig. 10) is seen only in a few of 
the largest blood-islands in the posterior extremity of the yolk-sac at the tail-fold and, 
therefore, near the commencement of the body-stalk. The central mass now shows the 
presence of clefts in the protoplasm, dividing it up into irregular masses closely packed 
toaether. Some of these masses have attachment to the surface zone. In one or two 
instances what appeared to be individual cells were seen, but examined alongside neighbour- 
ing sections these were decided to be merely narrow terminations of a mass cut 
transversely so as to show only one nucleus. A greater number of the nuclei of the outer 
covering now assume a flattened shape. 

The blood-islands vary considerably in size, and the size is not related to the intensity 
of haemoglobin colouring of the contained protoplasm. Some of the smallest, haying only 
four or five central nuclei, show the protoplasm as intensely coloured as the largest. The 
blood-islands vary in shape as viewed on the flat, and have an irregular arrangement. 
So irregular is the distribution that attempts to make a transparency reconstruction of them 
from the sections were only partially successful. It was possible, however, to appreciate 
that they do not form a continuously connected network although connection between 
neighbouring blood-islands is established. At the head end of the vascular zone the blood- 
islands appear to have their greatest measurement in the axis of the embryo, whereas at 
the tail end there is a definite tendency for them to be disposed at right angles to 
the embryonic axis, and here also they are more elongated. In addition, they are not so 
sharply limited by their outer zone with its elongated nuclei. 

Although there is often difficulty in resolving mesoderm and e\en endoderm into 
individual cells, there is no difficulty in differentiating mesoderm and endoderm. This 
enables one to state that the vascular tissue present is more closely connected to mesodoim 
than to endoderm. 


Body-stalk. 

In section No. 115 the yolk-sac merges into the funnel-shaped diverticulum which 
becomes the allantoic duct. This is taken to represent the upper limit of the. body-stalk. 
In section No. 190 the stalk merges with the chorion. Its length, therefore, is 07a mm. 
The tail-fold of the embryo reaches as low as section No. 150 ; the amnion with its lower 
lim it, in section No. 175 passes off from the dorsal aspect ol the stalk (text- fig. 2). The 
allantoic duct definitely established in section No. 122 ceases in section No. 166. 
The stalk in transverse section may he taken as roughly circular in outline, with the 
allantoic duct situated almost in the centre (text-fig. 4). The stalk increases gradually 
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in diameter towards the chorion until it breaks up unevenly into strands which turn outwards 
to join the chorion very obliquely. This gives a very complicated picture in the sections 
through the lower end of the stalk. 

The mesoderm of the stalk consists of a finely reticulated protoplasm which stains 
faintly with the basic stain employed. The nuclei are vesicular, are lightly stained with 
heemalum, are of fairly regular size, and are slightly ovoid or short rod-shaped. This 



4. — MTntyre embryo. Photomicrograph by Professor J. H. Teacher of 
a section of the body-stalk. The prolongation of the amnion also appears, and is 
seen passing off from the dorsal aspect. The allantoic duct can be recognised about 
the centre of the stalk. On either side of it an umbilical artery is present ; behind 
it on one side a venous space is seen and on the other side an angioblastic mass 
(the dark elongated area). In the mesoderm of the amnion wall the ‘ ‘ blisters 35 
referred to in the text are shown, x 120. Section No. 154. See text-fig. 2. 


containing free cells and of 
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approximately equal size forms the most striking feature of the stalk (text-fig. 5). 
These are situated one on either side of the allantoic duct at the embryonic extremity. 
Both have a wide lumen. They commence in section No. 121, and as they pass towards 
the chorion they increase in size and gradually come to lie anterior to the "allantoic duct. 
In section No. 15G they connect across, in front of this duet by a narrow open channel; 
in section No. 159 they connect by a solid strand; in section No. 168 they unite to form 
a single large vessel which in section No. 180 again splits up into two main branches 
running to the chorion. 

The vessel walls consist of a condensation of nuclei and protoplasm. The nuclei are 
of shape similar to the ordinary mesoderm nuclei, and lie one, two, or three deep in the 
wall of the vessel. This contrasts with the surrounding mesoderm, which is specially 
scanty in nuclei in the ventral half of the stalk through which the vessels run. The 
condensation of protoplasm corresponds to the nuclear zone and takes up the eosin stain. 



Text-fig 5 — MTnttbe embryo. Front elevation of the body-stalk, showing the 
two arteries present, and a lateral view of the left vessel assembled from drawings 
of individual sections. 


Elongated nnclei which might be regarded as belonging to endothelium are present only 
at wide intervals. The lumen contains free nucleated blood-cells. Those are rounded or 
polygonal and have a relatively large amount of protoplasm which shows unmistakable 
haemoglobin colouring. The nuclei are very regularly spherical and are situated central y. 
They vary greatly in intensity of staining. Some stain so faintly that the presence of a 
nucleus is made out only with difficulty. In others the nucleus stains very deeply. 
Mitotie figures are seen, and the presence of two nuclei, one sometimes arger than lie 
other, in a single cell is not uncommon. No syncytial masses are seen in he vessels hut 
now and then blood-cells lie closely applied to the wall. In the latter, however, direct 

protoplasmic continuity does not exist. „ , , rc „„ 4 .™ 0 -,i 0 

Occasionally a V-shaped depression or cleft in the wall of the vessel passes outn.uda 

, , „ p • -io „ « tie tissue Such masses are not specially common m 

towards a small mass of angioblastic tissue, oue t j . 

• •• -,i 0 ni 0 „+ m-ptsent being described. Ihev resemble the cells within 

association with the vessels at present oti. b - 

the vessels and are sharply demarcated from the surrounding unaltered mesode m 

o 1- j-i i ,nwfir to communicate with the mesothelium by a cleft or de- 

Sometimes the vessels appear to oommuin^ j 

pression in the vessel wall passing towards another cleft on the surface of the stalk, the 
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interval being bridged across by a solid strand. This is not frequently noted nor is it a 
conspicuous feature. Complete open communication is not found. 

Traced towards the embryo the two vessels end blindly, and there is no connection 
established with the angioblastio tissue of the yolk-sac, neither by open channels nor by 
solid strands. In the stalk above the termination of the vessels there is angioblastio 

tissue, but this is less in amount than at any other level of the stalk. 

Although in the mid-line the yolk-sac is replaced by its posterior diverticulum in 
section No. 115, the lateral walls are continued downwards to bridge across the tail-fold 
of the embryo to section No. 131. The amnion is now interposed between the yolk-sac 
and the body-stalk (text-fig. 2). The possibility of angioblastio connection between the 
stalk and this part of the yolk-sac wall rich in blood-islands by way of the amnion wall 
was excluded. Several small isolated masses of angioblastio tissue were encountered in 

the amnion mesoderm here, but only close to the stalk, and they might be regarded as 

belonging to the latter. 

Another picture of vascular development is found in the dorsal part of the stalk and 
would appear to be unconnected with that already described. At the junction of the 
embryonic and middle thirds of the stalk, behind the allantoic duct and frequently situated 
near the angle between the body-stalk and the amnion on either side, angioblastio masses 
are seen. Some of these have an appearance rather like the blood-islands of the yolk-sac. 
They lie just under the mesothelium and have a few crescentic nuclei disposed around them 
— the central mass showing .haemoglobin-coloured protoplasm. They form, however, no pro- 
jection on the surface. Passing towards the chorion this gives place to larger irregular masses 
of the same structure, only differing in shape, running directly dorsal to the allantoic duct. 
About the middle of the body-stalk these become smaller in size, are diffusely distributed, 
and sometimes show connection by clefts with a network of spaces which has appeared at 
this level. The walls of the spaces have the same appearance as that of the vessels 
already described, except that condensation . of nuclei is less marked, endothelium-like 
nuclei are less frequently seen, and the protoplasm in the wall stains less deeply with eosin. 
The spaces connect up with one another behind the allantoic duct in an irregular manner. 
In tiansv erse section the lumen is often stellate. Numerous V-shaped depressions pass 
outwards to end in solid processes which sometimes run to isolated angioblastio masses. 
Two clefts passing outwards from a space may converge and almost isolate a mass, as 

it were, in the lumen. This mass has the 
same structure as the wall of the space else- 
where. There is no haemoglobin colouring 
of the protoplasm nor other indication that 
it will be any more closely concerned in the 
production of endothelium or blood-cells than 
the other parts of the wall. 

The main channels of this network are 
represented in the diagram as they exist in 
the middle third of the stalk (text-fig. 6). 
Nearer to the chorion they become smaller 
in size, more numerous, and more complicated 
•aeed to the mesoderm of the chorion. At this end of the 
d as continuously connected. Some of them establish con- 
xlar channels in the chorion which contain 
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undoubted blood-cells. Although this network of spaces contains no blood-cells, it is 
certainly the commencement of a capillary network, the future umbilical veins. 

Throughout the examination of this area particular attention was directed to the 
relationship of the angioblastic tissue to the mesothelium. Mention of this has already been 
made in connection with the umbilical arteries. In one instance what is almost certainly 
a connection, between a well-formed angioblastic mass and a funnel-shaped depression of 
the mesothelium was found (PI. Ill, fig. li). This mass, which can be traced through twelve 
sections, in one part of its course may he regarded as a vessel. At two points it appears 
to have connection with the mesothelium, while at another level it connects by a solid 
strand wdth the network of spaces behind the allantoic duct. 

Chorion. 

It will be necessary to refer to the structure of the mesoderm before describing the 
vascular picture. In the vicinity of the base of the body-stalk the mesoderm has a loose- 
arrangement. It cannot be definitely resolved into individual cells, although here, unlike 
the mesoderm of the stalk, there is evidence of some concentration of protoplasm often 
in the form of a spindle around the nuclei. The nuclei vary in shape from short ovoid 
to rod-form with blunt extremities. They lie principally with their long axes parallel 
to the chorion. Around the base of the stalk one frequently finds the mesoderm marked 
off into two layers by a very loose arrangement of the tissues in its middle. Under such 
circumstances, the mesoderm lining consists of one sheet clothing the trophoblast and 
another lining the blastocyst cavity. The latter contains the largest chorionic vessels 
seen, and would appear to be formed as a result of these large vessels leaving the chorion 
to pass into the stalk. Away from the attachment of the stalk the mesoderm of the chorion 
is a thinner, more, compact layer, and gives indication of the presence of wavy fibrillse. The 
nuclei are relatively less numerous and approach nearer in appearance to adult fibrous tissue 
nuclei. The inner surface of the mesoderm near the body-stalk has, in areas, fine irregular 
protoplasmic strands streaming off into the cavity of the blastocyst. A mesothelium as such 
is not recognisable. 

Vessels and solid angioblastic strands are present in the chorion, but only in an area 
limited to the vicinity of the base of the body-stalk. In this area they are quite numerous. 

The earliest stage of vessel formation recognisable consists of a thin, solid strand of 
protoplasm staining rather deeply with eosin and partially, but not completely, marked oil 
from its surroundings. It is never situated in a space as described for the angioblastic 
strands in the chorion of the T. B. No. 2 ovum. Three or four rod-shaped nuclei are 
arranged in a single row in the protoplasm. The. next stage is the appearance of a nucleated 
haemoglobin-coloured cell in the strand. This cell is sharply demarcated and is distinctly 
a free cell. It lies in a space provided for it in the protoplasm of the strand, sometimes 
at its middle, sometimes at one extremity. This cell may be as great in thickness as the 
strand which contains it, and the protoplasm of the strand where it passes on either side 
to enclose it is thinned out and may he readily overlooked by the observer. 

More commonly, the strand, before the appearance of frank haemoglobin colouring 
in the cell, contains a double or treble row of elongated nuclei (PI. Ill, fig. 12). Next, 
several haemoglobin-coloured cells appear in a row and are situated in the middle of the 
strand (PI. Ill, figs. 13 and 14). These are sharply marked off from their surroundings 
and from one another, and the ends of the cells where in contact are flattened so that the 
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cells are frequently square in shape, the other two sides being flattened against the walls 
of the space in which they lie. The appearances are such as to suggest almost that the 
cells are under compression. 

These strands may be isolated or may establish protoplasmic connection with others 
of any stage in development. Intermediate stages are seen right up to the largest vessels 
present. Some of the latter have a lumen almost equal in size to that of the vessels 
in the stalk. Their walls consist of a condensation of protoplasm with numerous rod-shaped 
nuclei disposed parallel to the lumen. The structure of the vessel wall, apart from its 
richness in eosin staining and the regular arrangement of the nuclei, has no special feature 
to distinguish it from the surrounding mesoderm. There is not as - yet a lining to be 
compared with adult endothelium. In these larger vessels the lumen contains free nucleated 
blood corpuscles, sometimes of irregular shape but the majority spherical. They differ in 
no way in appearance from those in the vessels of the body-stalk. The angioblastic tissue 
present tends to run parallel to the chorionic membrane, and takes part in the formation 
of a network. The more mature vessels in the vicinity of the attachment of the stalk 
communicate together in a complicated manner. The earliest representations of vessels 
may connect up over limited areas either by solid strands or in part by open channels. 
Angioblastic strands are seen isolated, and these sometimes already possess cells in which 
haemoglobin colouring of the protoplasm is beyond doubt. 

No angioblastic tissue is found directly in contact with the chorionic epithelium ; only 
a few of the earliest strands are seen near the epithelial layer. As already stated, the 
vascular development is specially prominent on the inner (cavity) aspect of the chorionic 
mesoderm. This, along with the short distance in which a vessel with a wide lumen may 
be replaced by a solid strand, forms two striking features of vascular development in 
this area. 


Special attention was directed to the vascular connection between the body-stalk and 
the chorion. Tracing the rudiments of the umbilical arteries from their common Trunk 
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times grouped together in collections of three or four. The blood-vascular development in 
the villi has reached a critical stage. 

There are, in the first instance, in the villi in the vicinity of the base of the stalk, 
angioblastic strands consisting of a single row of nuclei usually,'' but sometimes of a double 
row, surrounded by protoplasm which stains deeply with eosin. These, therefore, stand 
out sharply in contrast to the general mesoderm of the villus which is faintly stained 
with mem alum. A detailed description is unnecessary, as they have the same appearance 
as strands of similar dimensions in the chorion. In several the origin of hemoglobin cell 
from angioblastic strand is seen. In the vast majority of instances these strands run in 
the middle of the mesoderm in the axis of the villus. Exceptionally a short strand may 
run obliquely until it reaches near to the epithelial covering but never comes in contact 
with it. There is no space separating the. strands from the mesoderm. 

Such angioblastic strands as have now been described exist as already stated in a 
very restricted area at the base of the 
body-stalk. Elsewhere the villi show no 
evidence of commencing blood-vessel forma- 
tion. Even in the area where these strands 6 1 
are present, the great majority of villi as yet 
show no indication of the commencement 6 / 
of the process. 

The strands may lie in the base of the 7/ - 
villus or half way between the two extremi- 
ties. In the few instances where a strand 
is seen near the distal extremity, it stops a 
considerable way short of the tip of the ^ 
villus. One angioblastic strand in the base 
of a villus was traced back into the chorion 'Ol 
and' eventually into what was sufficiently 
well developed to be termed a vessel. W- 
Numerous strands, at all levels in villi, Tbxt ‘ . , , 

posteriorly. Graph-reconstruction from individual sections. 

traced backwards are found to terminate 

short of the chorion, and, therefore, have no connection with the vascular system therein. 
In fact, in examining a villas, one may encounter two angioblastic strands at different levels 
unconnected with one another or with the chorion. 

In only two cases was a villus found to contain free nucleated cells showing a 
haemoglobin reaction, or, in other words, a “ vessel.” In one case the vessel established 
connection with a vessel of the chorion. In the other its proximal extremity terminated 
at the base of the villus in a solid strand which did not establish connection with any of 
the vascular elements in the chorion. 



fig. 7.— M*Intyee embryo. The peri cardial coelom viewed antero* 


Embryonic Rudiment. 

The pericardial coelom is present in the form of a U-shaped space (text-fig. 7). The 
limbs of the “U” extend backwards in the mesoderm near the lateral borders of the 
embryo. Here the mesoderm consists of a double layer of cells, and the cavity is formed 
by separation of this double layer. When formed, therefore, the walls of the cavity 
dorsally and ventrally consist of mesoderm with a single row of nuclei (text-fig. 8). 
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Here and there the roof and floor come into apposition with one another for a short 
distance dividing the lumen into two. On the right side the canal extends back to 
section No. 107, on the left to section No. 102. 

At the anterior extremity of the embryonic area they unite with one another to 
complete the formation of the “U.” This portion of the “U” is bent slightly downwards 
conforming to the shape of the embryo. If the sections are examined from the head end 
backwards this union in front appears first in section No. 42, which is also the first 
section in which the cavity of the amnion is apparent. 



. The entire embl 70 was carefully examined, especially the floor of the pericardial 
cavity, and nowhere were any changes found which could be regarded as evidence of 
early blood or vascular development. Nothing which could represent the commencing 
foi mation of the endothelial heart-tubes was recognised. 


NOTES ON VASCULAR DEVELOPMENT IN EARLY EMBRYOS. 



mpleted the description of these two specimens, and before developing any ger 
muss to supply brief notes of the vascular development in other early embr 
analyse the points in every specimen which has been described. It will sc 
Bryces Selected List with the addition of three others, viz. Meyer’s, Triepe 
a m BRY , CE S Ust is an approximation to a sequence in respect of differential 
Meyers ovum I have placed between T. B. No. 2 and Strahl-Beneke’s 
) ova are included after Graf v. Spee’s “ Gle.” 

e of each specimen is indicated and, where available, a measurement of tb 
are given. \ery short notes of the two specimens just described are inse 

. - A 1 . . ■ ' " 


e is no extra-embryonic coelom. 




v. Mollendorff (Op.) (1921). 

Hysterectomy. Chorionic vesicle 2‘25 X 2 x 2 5 mm. In one instance in the embryonic shield a 
ection of mesoderm cells is found near the entoderm.. Similar cell groups are found in the mesoderm 
he yolk-sac. He does not decide definitely that these are concerned in the formation of blood or of 
;els. In the chorion he finds here and there channels lined with flattened cells. These are pronounced 
>e vessels. Their cavities do not yet connect up to form a continuous system. There is apparently no 
mlar development in the body-stalk or in the villi. 
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Teacher-Bryce No. I (1908). 

Abortion. KmWvo about 15 mm Blastocyst -77 X -63 X 52 ram. There is no eitra-embryonic ctriom. 
There aro no ylh. I here .s no mdicat.on of the commencement of vascular development. I have had the 
opportunity ol exam.mng the specimen and I agree with this finding. BEESlEnfalso, came to the same 
conclusion after examination of the sections. 


v. Mollendorff (Sch.) (1921). 

mi Alwti0n - .„? m S y ° n5 ? kn0t : l \ mm ' blastocyst -26 mm.- There is no extra-embryonic ccelom. 
rhere are no villi. 1 here is no indication of the commencement of vascular development. 


Linzenmeier (1914). 

Vaginal hysterectomy. Embryonic anlage -21 mm. Blastocyst -75 X -615 x '525 mm. The extra- 
embiyonic ccelom is present. Villi have formed and in these as in the mesoderm in general there is no 
trace of the commencement of vessel formation. The body-stalk has not yet assumed its characteristic 
appearance, the embryo lying in a collection of mesoderm on the wall of the blastocyst. The anlage of 
the allantois is described as lined with epithelium coloured like red-blood corpuscles. It is of interest to 
note that the cells of the allantoic duct in the MTntyke embryo have a somewhat similar appearance; 
so much so that this structure might readily be mistaken for angioblastic tissue. No further note of 
vascular development is made. 

Peters (1899). 

Suicide autopsy. Embryo T9 mm. Blastocyst P6 X '8 x '9 mm. The extra- embryonic ccelom is present. 
The villi have a mesodermic core. A body-stalk can hardly be said to exist. In the model made by 
Keibel from drawings by Selenka, the external surface of the yolk-sac appeared uneven, but it could not 


be decided if these renresented the anlagen of vessels. 

- o 


Jung (1908). 

Curettage. Embryonic anlage about *25 mm. Blastocyst 2'5 x 2*2 mm. All. trace of vessels is absent 
from the chorion and villi. In the body-stalk there are present collections of cells with a lumen in their 
middle. The lumina have no contents resembling blood corpuscles. He hesitates to decide whether or not 


these are the first vessel anlagen. Vessels are not recognisable in the embryonic mass. 


SCHLAGENHAUFER AND VEROCAY (1916). 

Suicide autopsy. Embryonic shield *24 mm. Blastocyst 2 x T6 x 1 mm. A well-defined body-stalk 
is present. In the mesoderm of the yolk-sac are thickenings which are regarded as the anlagen of blood- 
islands. The commencement of vascular development is not noted in the body-stalk, chorion, or villi. 


Fetzer (1910). 


Curettage. Embryonic shield *23 mm. Blastocyst 1*6 x *9 mm. The villi are vessel free. There is no 
mention of vascular development in the chorion. No vessel anlagen are present in the body-stalk or in 
the amnion wall. The mesoderm of the yolk-sac shows numerous projections but there is nothing found 
which could he called a vessel anlage. A process passes out from the yolk-sac to end free and without 
attachment to the chorionic wall . * , . ‘ . 
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Herzog (1909). 

Autopsy. Embryonic shield *154 mm. Blastocyst 2*8 x -8x1*2 mm. The villi consist of projections 
without dichotomous branching. At the junction of the yolk-sac and body-stalk mesoderm there are found 
some solid and some open circular masses of mesoderm cells. These formations are taken to represent the 
earliest “anlage” of the yolk-sac blood-vessels. Bremer regards Herzog’s interpretations of these cellular 
rings as incorrect. The mesoderm of the chorion and of the villi do not yet show any trace of blood-vessels. 
There is no mention of blood-vessel development elsewhere on the yolk-sac or in body-stalk or in the 
embryo itself. 

Teacher-Bryce No. 2 (1924-26). 

Autopsy (acute rheumatism). Blastoderm *2 mm. Blastocyst cavity 2*8 x 2*6 x 2*25 mm. Angio- 
blastic strands are found in spaces in the chorionic mesoderm. These are most plentiful around the base 
of the body-stalk and are not continuously connected. The body-stalk contains similar but larger strands 
and spaces at its base. Nearer the embryo several spaces contain collections of cells having the appear- 
ances of primitive blood-cells. What is probably the commencement of blood-island formation is found 
in the wall of the yolk-sac. . No angioblastic formation is recognised in the embryonic shield or in 
the villi. 

Meyer (P. M. 1923) (1924). 

Curettage. Embryonic shield *41 mm. Chorionic cavity 2*6 x2Tx 2*72 mm. No indication of 
vascular development is found in the mesoderm of the chorion or in that of the villi. The yolk-sac 
possesses blood-islands which do not communicate with one another and are furthest developed 
over the ventral aspect. A blood-island consists of a collection of cells between the yolk-sac entoderm 
and the mesoderm coat with a narrow connection to the latter. He finds in the body-stalk dorsal to the 
allantoic duct a collection of cells which he regards as the first anlage of the umbilical artery. There 
is no mention oE vascular development in the embryonic shield. The yolk-sac possesses a long process 
which passes across the blastocyst cavity to terminate in a vesicle in the chorionic mesoderm at the 
implantation pole, ihe yolk-sac prolongation contains no blood-islands. The vesicle he regards as 
lined on the outer (trophoblast) side by mesoderm, on the inner (towards the chorionic cavity) by 
entodei m. This is coveied by mesoderm which separates it from the lumen of the chorionic cavity and 
between the two layers he figures a blood-vessel anlage (fig. 12, p. 59). One is unable to recognise 
the entoderm lining of the vesicle from the figure, otherwise, apart from the absence of strands in the 
lumen, the vesicle has the appearance of the spaces in the mesoderm at the attachment of the yolk-sac 
duct in the Teacher-Bryce ovum No. 2. Blood -islands, he points out, are found nowhere away from 
entoderm, and he takes this as indicative that the blood-islands have some relation to entoderm. 


Strahl-Beneke (1910). 

Curettage. Embryonic shield • 75 mm. Blastocyst 3-8 x 2'2 x D2 mm. In this ovum on the under 
surface ot the yolk-sac there are thickenings of mesoderm containing cell masses which are regarded 
as the forerunners of vessels, but these have not yet acquired the definite characters of vessels Sharply 
dehned spaces m the mesodermio envelope of the embryonic body and specially marked on the yolk-sac 
side are referred to as “ like capillary vessels.” These spaces do not form a closed tube system and are 

!lln!LTnTb in ° n \ P r Wh r free cells are P resent - These cells, however, show no hemoglobin 
Scher R i ' r FOt " pl T: ? ENE * E thinks he can recognise similar spaces in the mesoderm of the 
of Hm SmHon ST ^ V < PL »> -produced by the authors. In the mesoderm 

L nre ent Ld tl ^ AHL : Benere ovum S P**« similar to these described in the embryonic sections 
: fi? I hwLw 1 AA g a PP earance of em pty endothelial tubes. The authors’ 

m l ' hWOTW ‘ 8h0WS m6wdem * f the Morion Which in the of the figure is stated to be 

sets. This ovum has a pro- 

0 note of vascular development 
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Graf yon Spee (v. H.) (1896). 

Abortion. Embryonic shield o/ mm. Blastocyst 4 mm. Spaces in the chorionic mesoderm and in 
the body-stalk have no visible content; neither blood nor endothelial cells are found. The yolk-sac 
wall has irregular protuberances of the mesoderm. Corresponding to these are blood-islands situated 
between mesoderm and entoderm. The youngest stage of blood-island lies nearest to the embryonic 
disc. The foi mation of blood-islands is noted as extending nearer to the embryonic disc than in his 
oldei embryo Gle. Evans, in Keibel and Male's Manual of Human Embryology , states that some 
of the vascular anlagen of the yolk-sac of this embryo show evident differentiation into endothelium 
and blood-cells. Also, that in the body-stalk and chorion there are, as Graf Spee has described, “ highly 
characteristic strands of spindle cells.” This he thinks suggestive of endothelium, although there 
is no blood-cell formation. 

Lewis (Minot) (1912). 

In the yolk-sac wall among the mesodermie cells are vessels with a true endothelial lining and 
containing nucleated blood corpuscles. Sometimes a corpuscle is closely applied to the endothelium 
as if arising from it. The vessels of the yolk-sac do not pass into the body-stalk, which contains 
numerous vessels. There are spaces in the chorion which are regarded as vessels. “ Frequently these 
contain strands of darkly staining cells suggesting collapsed endothelium.” There are no vessels in 
the embryo proper. It is not definitely stated that the vessels in the body-stalk are not in continuity 
with the spaces in the chorion, but this may be inferred. 

Streeter (Mateer) (1920). 

Hysterectomy. Embryonic plate 1 mm. Blastocyst 6T x 5*6 x 2*5 mm. Evidence of blood-vessel 
formation is present in all parts of the chorion. All stages from simple multinucleated protoplasmic 
strands to completed endothelial tubes are seen. In the villi the stage of development is similar to that, 
in the chorion except that the vessels appear to be more numerous, although a great many villi, as a 
rule the smaller ones, show no sign of vessel formation. Embiyonic blood -cells are recognised. In the 
body-stalk vascularisation has occurred to the same degree as in the chorion, and as in the latter vessels 
are mostly empty. Blood-vessel formation is also recognised over the greater part of the parietal 
mesoderm covering the amnion. Angiogenesis in the yolk-sac is limited to the caudo- ventral half, 
and is represented by clumps of cells up to completely formed endothelial tubes. In this process of 
vessel formation in the yolk-sac relatively few complete cells (blood corpuscles) result, and none of these 
as yet show evidence of the presence of haemoglobin. The process does not appear to have commenced 
in the embryo proper. The continuity or otherwise of the vessel-forming tissues in the different areas 
is not definitely stated. 

Debeyre (1912). 

Hysterectomy. Embryonic shield *85 mm. Blastocyst 5*0 X 2*1 mm. there is no intra-embryonic 
coelom. The yolk-sac possesses blood-islands over the distal pole, -these vary from a solid group of 
cells arranged concentrically to irregular festoons containing cells compactly arranged. Apparently 
the cells show no haemoglobin colouring. The islands do not form a network. In the body-stalk blood- 
islands are present. Two of these are specially large and one of them describes a third of a circle 
spirally round the allantois. In the embryo there is a cellular collection which Delia ur thinks may 
be the first cardiac formation. In the villi occasionally 7 " a lumen is seen but without endothelial lining. 
He states that if these are vessels they represent a very early stage of development. Vessels are present 
in the chorion. The question of continuity of vessel-forming tissue in the different areas is not discussed. 

Thompson and Brash ( 1923 ). 

Curettage. Embryonic shield including caudal fold *9 mm. Chorionic vesicle 10 x 7*5 x 4 mm. There 
is no intra-embryonic coelom. Blood-islands are found on the ventral aspect of the yolk-sac and appear 
to be more advanced in development in the cranial half. All stages from small clumps of cells to 
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completely formed vessels containing developing blood-cells are encountered. The description and figure 
would suggest that the blood-cells arise from entoderm, while the endothelium arises in the vicinity of 
mesoderm, although the writers do not arrive at any definite conclusion with regard to this. The doubtful 
' presence of angioblastic tissue in the body-stalk is noted, otherwise there is no further evidence of vascular 

development in this specimen. 

Eossenbeck (Peh. I) (1923). 

Hysterectomy. Embryonic shield 1’4 mm. In this specimen the presence of the anlage of the aorta 
is suggested but not definitely affirmed. The mesoderm of the amnion contains endothelial-lined spaces 
not continuously connected. Two strands run from the amnion to the chorionic mesoderm, one traversing 
the body-stalk. Both end in connection with vessel anlagen in the chorion. The picture of angiogenesis 
in the yolk-sac is stated to be the same as in Streeter’s (Mateer ovum). In the body-stalk at its caudal 
end, two endothelial-lined 1 um ina— -vessel anlagen — appear. These traced caudally end in an unpaired 
vessel anlage which lies near the ventral surface of the stalk, and which finally divides and passes into 
numerous but not continuously connected vessel anlagen in the chorionic mesoderm. Vascular develop- 
ment in the villi is not mentioned. 

Strahl (1916). 

No history. Embryonic anlage *7 mm. Chorionic vesicle with villi about 10 mm. diameter. There is no 
mention of vascular development in the embryonic shield or chorion. Vessel anlagen are not recognised 
in the body-stalk or villi. Vessel anlagen are present as thickenings in the mesoderm of the yolk-sac 
wall. Cells, tree in the lumen of the yolk-sac, are regarded as nucleated red-blood corpuscles. 


Grosser (1913). 



Abortion (after operation.) Embryonic shield including primitive streak *67 
6 to 8 mm. across. Vessels are absent from the embryonic area. The yolk-sac sho 
distal pole. Blood corpuscles are recognised by their intensive staining, and th 
islands possess an endothelial lining. The blood-islands are already connected tog 
the body-stalk and chorion there are empty cleft-like spaces resembling vessels and 
endothelium. At a single place in the body-stalk there is a true blood-island. Va 
is not mentioned. A mesoderm strand passing from the yolk-sac right across the 
to the chorion shows the presence of entodermal cysts. In the wall of one of 
islands are present. 

Ingalls (1918). 

Abortion. Blastoderm 2 mm. Ovum external measurements 9*1 x 8*2 x 6 mi 
are vessels or blood-cells. Spaces present “ might stand in some relation t< 
coelom. Over the fundus of the yolk-sac there is extensive formation of blood 
Ihe body-stalk contains numerous vessels filled with nucleated red cells. The 
ingrowths of weaothelium, but connection of these with “unlined” spaces and aim 
also present, is not specially evident. Vessels and solid strands are present in th 
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empty. Vessel anlagen in the chorionic mesoderm are only recognised with certainty near the insertion 
of the body-stalk, and two of these at the base of the body-stalk (fig. 17, 1908) show the presence of free 
cells. Vessel anlagen are not found in the villi. Fig. 15 (1908) shows a small cyst on the wall of the 
yolk-sac in association with “the anlage of a blood-vessel with blood.” The epithelium of this cyst is 
similar to the ccelomic epithelium where it passes over the blood-vessel anlagen. Jung, referring to this 
ovum in the description of his own ovum, implies that all trace of vessels is absent from the chorion! 


MHntyre (1924-26) 

Hysterectomy. Blastoderm (including primitive streak) 1*37 mm. Chorionic vesicle external 
dimensions including villi (after fixation) 14x13x8 mm. Blood-islands are seen in the lateral walls of 
the yolk-sac. They are more numerous on the left than on the right side. They do not form a continu- 
ously connected network. None of these structures has reached a stage in development which would permit 
one to call it a “ vessel.' 5 The body-stalk possesses two large vessels regarded as the umbilical arteries, and 
dorsal to these a venous plexus of spaces. Neither of these systems is in connection with the blood-islands 
of the yolk-sac, nor do they appear to communicate with one another, but both can be traced into the 
chorion. In addition to the above elements, small solid angioblastie masses, some not unlike the blood- 
islands of the yolk-sac, are found scattered throughout. All stages of vessel formation are seen in the 
chorionic mesoderm in an area around the base of the body-stalk, and are restricted to this area. The 
commencement of vascularisation of the villi is noted only in the villi belonging to the same area. In 
only two villi could a “ vessel 55 be said to be present. Angioblastie tissue is found isolated in the mesoderm 
of the villi. In the embryo no evidence of the commencement of formation of the heart or of vessels was 
found. The pericardial ccelom has the form of a “ D "-shaped tube. 


Eternod (Vulliet) (1894). 


Abortion. Embryo 1*3 mm. Blastocyst cavity 6 X 4*8 X 3*6 mm. There is in this embryo a horse- 
shoe shaped heart of symmetrical outline giving rise to two primitive aorta? (with three or four aortic 
arches) which are continued into two umbilical arteries in the body-stalk, and presumably through these 
into vessels in the chorion. The villi are commencing to become vascularised. On the venous side, veins 
run from the chorion to unite in the body-stalk to form the future umbilical vein; this divides into two, 
the branches running forward in the mesoderm of the yolk-sac on either side to the primitive heart. 
Circulation is thus established. Posteriorly a venous loop is formed around the allantoic canal. There is 
evidence of vessel formation in the amnion wall, and some of these elements are already canalised. In 
addition to the veins mentioned above, the yolk-sac possesses blood-islands and vessels in which the lumen 
is already established. 



Abortion. Embryonic shield 1*54 mm. Internal dim' 
formation nor commencement of development of the heart i; 
in the embryonic mesoderm. Blood anlagen are present ex 
mesoderm of the body-stalk and yolk-sac is rich in spaces havi 
endothelium. In the yolk-sac, cell strands lying between m esc 
with the mesoderm. 

Evans, in Keibel and Mall , reproduces a drawing of a 
in the embryonic mesoderm is shown, and he regards it as the 
anlage of the cardiac endothelium is seen. Vascular ardagei 
these can be traced into the vessels in the body-stalk-— -the 
recognises the presence of vessels in the chorion, but does n 
vascular elements in the body-stalk. 

" V TiUEPix (1917). 

Abortion. Embryonic shield T6 nim. In the embryonic 
entoderm are taken to represent .fine vessels. In these no tr; 
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heart-tube is not recognisable. The mesoderm of the yolk-sac possesses blood-cells and vessel anlagen 
in ,<rreat numbers. Near the anterior end of the yolk-sac extra large blood-islands are found. He finds 
that both blood cells and vessels arise from the mesoderm, but considers that in a few places cell processes 
of endodenn take part in the vessel formation. He concludes, however, that the vessel-forming potentiality 
of the mesoderm is greater than that of the endodenn. In the middle of the yolk-sac a few quite separate 
.« Erythrocytes ” are found. These are nucleated cells. The body-stalk has at its middle short representa- 
tions of vessels which can be followed only through one or two sections. The villi show the presence of 
channels regarded as the anlagen of vessels, but these contain no blood-cells. In the mesoderm of the 
amnion near the body-stalk are a few isolated blood-cells. 

Ingalls (1920). 

Curettage. Embryo, greatest length T38 mm. Ovum 7'5 x 10'5 X 12 mm. In this embryo the 
pericardial coelom is present, a heart plexus has formed, and the dorsal aortrn and the rudiments of two 
aortic arches are evident. In the yolk-sac vessels are abundant, especially laterally and posteriorly, but 
all are not canalised. In the body-stalk are two umbilical arteries and a venous plexus. The chorion 
contains numerous vessels, many with a wide lumen. Formed elements are present, however, only at 
the base of the body-stalk. The villi have abundant slender anastomosing channels or cords and many 
detached strands. One umbilical artery establishes connection with the vascular elements in the yolk-sac 
wall. The venous plexus of the body-stalk is not in connection with the yolk-sac vessels. “Slender and 
circuitous” connection between the plexus in the body-stalk and the chorionic vessels is established by 
small, thick-walled vessels regarded as ingrowths from the chorion to meet the independently formed 
vessels of the stalk. Vascular structures in the villi are in continuity with the deeper vessels of the 
chorion. Circulation in the sense of a pulsating heart is not yet established. 


DISCUSSION. 


Yolk-sac. 


Reviewing the specimens considered, we find the following steps in vascular development 
in the yolk-sac. 
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example of tins variation is found in Strahl’s specimen, in which vessel anlagen are described 
merely as thickenings m the mesoderm of the yolk-sac wall 

Regarding the Distribution of the Blood-Islands.- In all specimens where definite 
men ion of the distribution of the blood-islands is made, only one (Ingalls (1920)), corresponds 
at all closely to the arrangement m the MTntyre embryo. In the remainder, with two 
exceptions, tie Blood-islands are present, or furthest developed on the ventral or distal pole 
In the .Thompson anil Leash case, although the blood-islands are situated on the ventral pole' 
they are more advanced in development at the cranial extremity. Triepel, in his embrvo’ 
finds the largest blood-islands at the anterior extremity. The restriction of the blood-islands 
to the lateral walls m the MTntyre specimen has permitted me to figure them o- rap hicallv 
(text-figs. 2 and 3) as they appear in side view of the yolk-sac. I have no explanation to offer 
for this departure from the, arrangement usually described. 

The Source oj Cells forming Blood- Islands— In the majority of cases the blood-islands 
are described as being situated in the mesoderm layer, or as producing thickenings or pro- 
tuberances of that layer (Schlagenhattfer and Verocay, Strahl-Beneke, Lewis, Strahl, 
and Irirprl). In a few cases they are said to lie between mesoderm and endoderm. (Meyer 
Graf Spee v. H., and Graf Spee “ Gle.”). In Meyer's and in Graf Spee’s “ Gle.'” although 
situated between the two layers, connection to mesoderm is noted. Thompson and Brash, 
in describing their specimen, hint at the possibility of blood-cell origin from endoderm and 
endothelium from mesoderm, although they come to no definite conclusion on the matter. 
Triepel finds in a few places in bis ovum that processes from endoderm take part in vessel 
formation. In the original description of all the human ova considered, with the exceptions 
mentioned, no statement that blood-islands are connected to or arise from endoderm is 
encountered. 


These facts at first sight might appear to decide the question under consideration, but 
one has to contend with the possibility of the early migration of endoderm cells into the 
mesoderm layer, there to give rise to the formation of blood-islands. If we accept the 
thickenings of the mesoderm present in Fetzer, v. Mollendorff (Op.) and T. B. No. 2 as 
blood-islands in process of formation, then, as proof of endodermal origin, we might expect to 
find in those cell masses or in parts of them, in addition to mere alteration in arrangement, 
some slight departure from the appearance of the mesoderm layer in which they lie. If, for 
instance, we imagine a y olk-celL as the nucleus of one of these cell groups, in well-preserved 



specimens one would expect to recognise, at least, a different staining reaction of the proto- 
plasm. I have not encountered any statement that such an appearance is present in any 
specimen in. this series, nor is it found in the T. B. No. 2 ovum, which represents a stage at 
which it would most likely be found if such were the case. 

Mann in Quoin's Anatomy accepts the mesodermie origin of the yolk-sac vessels. In 
Keibel and Mall Evans also practically accepts a mesodermie origin for the vascular anlagen, 
but with the reservation that they may actually have arisen from the entoderm. Minot, in 
the same work, holds that the angioblast is formed from cells which separate from the yolk, 
or from the layer of yolk -cells, The most recent work bearing on this problem is that of 
Florence Sabin, who has been able to observe in the living chick the actual differentiation of 
mesoderm to angioblast. This work would appear to furnish conclusive proof that in the 
■embryo of the chick, at least, the blood-vessels arise not only in, but from, mesoderm. 

Wang believes that in ferret embryos the blood-cells are formed before the endothelium 
and in connection with the endoderm; Endothelium arises from the mesoderm layer, and 
growing round and engulfing the blood-cells, takes them into the circulation. The Thompson 
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and Brash ovum, as lias already been noted, is the only one in the human series in which a j 

somewhat similar appearance is described. The vascular elements in the yolk-sac wall of the 
ferret embryos produce projections on the endoderm side, another appearance not encountered 
in the human embryo. 

The evidence regarding the source of origin of the blood-islands in the human embryo 
may still be regarded as inconclusive, but the weight of evidence is decidedly in favour of 
origin from mesoderm. 

The Differentiation to Blood- Vascular Tissue . — Accepting that the blood-islands in the 
wall of the yolk-sac take their origin from mesoderm, at what stage does differentiation of 
mesoderm to blood-island cease ? From the descriptions of many of the older specimens, 
even when vessels are present, it is apparent that early blood-islands also are found. Definite 
statements regarding the continuity or otherwise of these are not always encountered, but 
it would appear that the differentiation is progressive, and that these early representations 
are not the result of growth from the more mature elements. The arrangement in the wall of 
the yolk-sac in the MTntyre ovum at any rate supports this view. The stage at which this 
differentiation ceases is, 1 think, a stage beyond that embraced by the material examined or 
reviewed here. 

Origin of Corpuscles , Plasma and Endothelium. — Turning now to the separate elements 
of the yolk-sac vessels, are we to regard the blood corpuscles and endothelium as both arising 
from the blood-islands ? If we regard the blood-island as consisting of the whole thickness 
of the mesoderm layer where a blood-island exists, then both elements arise from the blood- 



island. If, on the other hand, we regard only the central part of the total mass (different in 
appearance to the adjacent mesoderm) as the blood-island, then it is possible that the blood- 
island is responsible for the production of blood corpuscles, while from the surrounding 
mesoderm endothelium takes its origin. The former is the view generally held (Bremer, 
Sabin), but here again in the descriptions of early human embryos there is little evidence one 
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MTntyre ovum the blood-islands in the yolk-sac are not continuously connected. Meyer 
states that in his ovum the yolk-sac blood-islands do not communicate with one another. 
Debey re states that they do not form a network. Grosser finds the blood-islands already 
connected together in some parts. In the other ova where blood-islands are present, if 
not definitely stated, in the majority of eases the description implies that they are not 
continuously connected. If, as Minot suggests, the angioblast appears as a 'reticulate 
grouping of cells between the mesoderm and endoderm, and maintains its complete 
independence throughout life, then the yolk-sac blood-islands would be connected up 
together at all stages and progressive differentiation of mesoderm would not occur. The 
evidence in human material is entirely against this view. The blood-islands are at first 
isolated from one another, inter-communication being established later. There is indication 
that this linking-up of the blood-islands has commenced in the MTntyre embryo. 

I have not encountered any funnel-shaped arrangement of the mesoderm of the yolk- 
sac as described by Bremer in Jung’s ovum. The projection of mesoderm cells noted in 
T. B. No. 2. is solid. 


In two cases blood-cells are found free in the cavity of the yolk-sac. Strahl in his 
embryo finds nucleated red-blood corpuscles free in the yolk-sac lumen. Trierel describes 
erythrocytes (nucleated cells) as present in the middle of the yolk-sac. In this connection 
it is interesting to note that a few cells, in appearance very similar to the nucleated 
red-blood corpuscles in the stalk, were found in the yolk-sac cavity of the MTntyre 
embryo. They were situated at the angle of junction of the yolk-sac wall and blastoderm 
on the left side. After careful consideration it was decided that these were endoderm 
cells heavily laden with yolk which produced a staining reaction of the protoplasm 
simulating haemoglobin colouring. 

Minot states that “ in man, if red blood-islands occur at all, they must break up 
very early.” That haemoglobin deposit occurs in the blood-islands of the yolk-sac before 
these break up is clear from the appearances in the MTntyre embryo. This, however, 
may be a very transitory stage, as Minot implies. 

No endodermal “ blisters,” as described by Sabin, were encountered in either specimen 
examined. What were taken to be “blisters” in the mesoderm of the amnion receive 
mention shortly. 

Amnion. 

The earliest ovum in which vessel formation is noted is that of Streeter, where the 
process is recognised over the greater part of the amniotic mesoderm. Rqssenbeck finds 
endothelium-lined spaces present. Eternod describes early vessel formation, some of the 
elements of which are canalised. Trierel notes a few groups of blood-cells near the 
body-stalk. The early vascular tissue present in the MTntyre embryo is so near to the 
body-stalk that I prefer to regard it as part of the vascular development in that area. In 
this embryo ring-like structures or “blisters” in the mesoderm of the amnion are seen 
projecting outwards in some of the sections (text-fig. 4), but these were not regarded as 
concerned in vascular development. 1 am unable to offer any opinion with regard to 
their significance. 

It is rather remarkable that the Streeter embryo— the earliest in the series m. 
which vascular development is recognised in the amnion — should show comparatively 
extensive development. More so is this the ease when we meet with no mention of the 

commencement of the process in many older embryos. 
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Body-stalk. 


Mention of vascular development is encountered at the earliest stage at which a 
body-stalk exists, viz. in Jung’s ovum. The cellular collections with lumen described, he 
does not. however, definitely decide to be vessel anlagen. The next reference is found in 
Herzog's specimen, where the anlagen of the yolk-sac vessels are located at the junction 
of that structure and the body-stalk. The next in order is the earlier of the two 


specimens under consideration in this paper, and in it two separate regions of the stalk 
are involved in the process. The angioblastic strands and spaces situated at the base of 
the stalk indicate essentially the same process as is going on in the chorionic mesoderm. 
Consideration of this area is deferred until the vessel formation in the chorion is 
discussed. The question as to whether this process extends upwards into the stalk to 
represent the ingrowths from the chorion described by Ingalls (1920) will also require 
consideration, in the body-stalk proper the early commencement of vessel formation in a 


different manner has been indicated. The drawing reproduced (PI. I, fig. 4 ) i s not so 
convincing as the actual specimen. It is reproduced mainly to show, as indicated by the 
arrow, the possible interpretation that the mass has sunk in from the surface, a point of 
interest in connection with Bremer’s theory of origin of the vessels. The figure, 
however, demonstrates the difference between the mass and the surrounding mesoderm. 
There is no doubt that this represents the early formation of blood and vessel, and from 
its position it probably represents one or other umbilical artery. 

In Debeyre’s embryo the next step in development is found. In the body-stalk 
blood-islands are described. Two of these are particularly large and elongated, and might 
well be taken to represent the first recognisable differentiation into umbilical arteries. 
In Rossenbeck’s specimen we meet with the first open channels. Two endothelium-lined 
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scribed by Debey re and Ingalls ( 1920). From the 
former the blood-islands cannot stand in relation to 
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The combination of two regular vessel channels with nucleated 
a is first encountered in the latter specimen. 

ar development in this region advances steadily in the 
'wo exceptions may be noted, viz. Strahl’s and Triepel’s. In 
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so it etweeii the spaces and the angioblastic masses is very 
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common. Such connection with the umbilical arteries exists, but is not so frequent. 
Speculating on this, I should offer as an explanation that in the umbilical arteries blood- 
cells are now being produced partly by multiplication of the existing free blood-cells, 
whereas, the venous plexus at this stage having none, is entitled to a more generous 
supply of blood-cell forming tissues. 

In describing the walls of the vessels in the body-stalk it was stated that their 
structure does not entitle one to apply the term “ endothelium-lined ” to these channels. 
The inner lining has to undergo further differentiation before it can be so described. It 
is quite obvious, however, that the lining of these channels will form endothelium. If 
this is so. then in the plexus of spaces we have tissue which is undergoing differentia- 
tion into endothelium in the absence, as vet. of blood-cell contents. Here it may be noted 
that Stock ard finds in teleost embryos that the " endothelium is in all cases utterly in- 
capable of giving rise to any type of blood-cell.’ - When spaces become lined by 
endothelium, biood-cell reproduction stops. “ The red -blood corpuscles are always produced 
so as to be delivered into the vessels. . . .” This description might quite well be 
applied to the body-stalk of the MTntyre embyro. Babin, however, maintains that it is 
proved for the chick that endothelium can form erythroblasts. 

Finally, with regard to the body-stalk in the MTntyre embyro, the condensation of 
protoplasm and nuclei which forms the walls of the umbilical arteries is a relatively thick 
layer. This layer is of a greater thickness, one might suppose, than is necessary for the 
production of a simple endothelial lining. Is it possible that we have here, already, 
evidence of the commencement of formation of the extra-endothelial structures of the 
walls ? I think one is almost justified in concluding that such is the case. 

The commencement of vascular development can be recognised in the body-stalk 
and yolk-sac at about the same stage. It is usually stated that vascular development can 
first be recognised in the yolk-sac, but in the human embryo the evidence points rather 
to a simultaneous commencement of the process in these two regions. 


Chorion. 


Among the ova earlier than the T. B. No. 2, in one only (v. Mollendorff’s Op.) 
is there mention of vascular development in the chorion, v. Mollendorff describes 
channels which are accepted as vessels, and these are lined with flattened cells. In the 
ovum we meet with the angioblastic strands and. spaces which have 


T. B. No. 2 ovum we meet with the angioblastic strands and spaces which have been 
described. Vessels are present in the chorion of Derby UK’s and Ingalls' (IU1H) specimens, 
and numerous large vessels with plentiful free nucleated red cells have appeared in the 
MTntyre ovum. Recent work on angiogenesis has been directed principally to solving 
the problem of development of intra-embryonic vessels. In the literature, therefore, one 
finds the descriptions of vessel development in the chorion less satisfactory than for the 
regions already considered. A noticeable feature is that a gradual sequence in develop- 
ment is not so readily made out. 

The appearances in the T. B. No. 2. ovum are of particular interest and are repro- 
duced somewhat closely in only one specimen, viz. Lewis (Minot). In the v. Mollendorff 
(Op.), Strahl-Benkkb, Graf v. Si*ke (v. H.), Grosser, and Ingalls (1918) ova, spaces 
only are found in the chorionic mesoderm. In the Lewis (Minot) embryo, however, spaces 
with contained strands, the latter being regarded as collapsed endothelium, are described. 
Bremer] describes spaces and strands in several ova he examined, but these are found 
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more particularly in the body-stalk. The v. Mollbndorff (Op.). Strahl-Beneke, Graf 
v. Spee, and Lewis specimens all represent a stage in development very near to that of 
T. B. No. '2, while" Grossek’s and Ingalls’ ova are slightly older. It would seem almost 
as if the appearances in the T. B. No. 2 ovum, which have been detailed in the early 
part of this paper, were present only for a very short period. There is nothing comparable to 
these spaces found in the MTntyre ovum or, as far as one may judge from the descrip- 
tions. in other specimens representing a similar or a later stage in development. 

In the descriptive part of this paper I have suggested a reason for the presence of 
the spaces in the chorionic mesoderm, and have recognised that they may have become 
exaggerated by adventitious influence. I bave also advanced some proof that the strands 
which they contain represent early phases of vessel-formation, that, in short, they are 
amrioblastie strands. 


in T. B. No. 2, although an occasional space communicates with the cavity of the 
vesicle, no connection of angioblastie strands with the inner surface of the mesoderm 
layer was encountered. The strands and spaces, already mentioned, at the base of the 
body-stalk differ in no respect but size from those elsewhere in the chorion. The area 
where they lie it is impossible to allocate with any certainty to either body-stalk or 
chorion, but as the appearances are essentially the same as in the chorion, I prefer to 
regard it for descriptive purposes as chorionic. Away from the chorion there is no 
indication of downgrowtli in the body-stalk of angioblastie tissue into the chorionic meso- 
derm. I he possibility of migration of endoderm cells from the yolk-sac to the chorionic 
mesoderm, there to provide the origin for angioblastie formations, lias never been 
suggested. We must conclude, therefore, that in the chorionic membrane angioblastie 
tissue arises by differentiation of the mesodermic elements. 





>e process of vascularisation of the villi are even less satisfactory than 
_ ■* n hat of specimens surveyed, the process receives notice first 
\ Q whieh , ® olid strandy endothelial tubes are present, Debeyre 

y vessel formation. In Ingalls’ (1918) ovum, and in the majority 

V . eSSClS Can be reti 0 S nise,L ft ft apparent that vascularisation of 
ltj a later stage m development than is the case in the yolk-sac hndv- 
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In the MMntyre embryo there is no difference in the process of vascularisation a.s 
seen in the chorionic membrane and in the villi except in degree. In the T. B. No. 2 
there is no proof that the (empty) spaces present in the mesoderm of the villi are concerned 
in vascular development. It is possible that these spaces might later take on the characters 
of those in the chorionic mesoderm and contain similar angioblastie strands. If such a 
stage exists for the villi, it has not been described. The presence of angioblastie tissue 
isolated in villi, as seen in the M'Intyrk embryo and as described by Ingalls ( 1 . 920 ), 
entitles one to assume that here again such masses result from differentiation of the 
mesodermic elements in situ. 

Pericardium and Heart. 

Of the ova earlier than Eternod’s, in three only does mention of the presence of 
vascular development in the embryo appear, v. Mollendorff (Op.) finds one group of 
cells of doubtful significance : Debeyre thinks a cellular collection present may represent 
the first cardiac formation ; Eossenbeck suggests the possible presence of the anlage of 
the aorta. 

The failure to find, after a careful search, any appearances in the MMntyre embryo 
indicative of the commencement of the aortic or heart rudiments makes it more than 
probable that the findings in these three specimens cannot be interpreted as suggested by 
those who have described them. The description of the Frassi embryo, also definitely 
more advanced in development than the three mentioned specimens, would bear out 
this contention. The sudden transition to the presence of a heart and an established 
circulation in Eternod’s ovum seems almost too sudden to be accepted as normal. In 
Graf Spee’s “Gle.” Evans finds the cardiac endothelium commencing, and Ingalls’ ( 1920 ) 
embryo has a heart plexus, dorsal aortse and aortic arches. From the latter at least it is 
a very short step to an established circulation. The size of the ovum or of the embryo 
we now also know cannot be taken by itself as an indication of the stage of development. 
It must be conceded, however, that, as described, the cardio-vaseular development of 
Eternod’s ovum has probably been a little precocious. For comparison, it is interesting 
here to note that Sabin finds in the chick that in the embryo the angioblast can be seen 
to differentiate from mesoderm at the stage of five somites, and that the heart-beat may 
be established at the stage of ten somites. 

With regard to the formation of the pericardium, Ingalls in his 1918 ovum regards 
tubular ingrowths (two on either side) from the extra-embryonic coelom as standing in 
some relation to the future pericardial cavity. If this is the method of origin there is 
certainly no trace of any communication between the “ U ’’-shaped cavity in the M ‘Intyre 
embryo (which conforms to the description given by Robinson for mammals in 1903) and 
the extra-embryonic coelom. The material and the literature 1 have examined throws no 
further light on the earliest phase of pericardial formation in the human. 

Yolk-sac Prolongations and Mesoderm- Strands in the. Chorionic. Vesicle. 

The yolk-sac connection to the chorion in the T. B. No. 2 ovum is so well established 
and so accurately described by Bryce that particular attention is directed to this type of 
structure in relation to vascular development. In Fetzbr’s ovum a process from the 
yolk-sac ends free in the chorionic vesicle, and has no particular relation to vessel forma- 
tion in the yolk-sac. It is rather curious that the following three ova showing yolk-sac 
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i sations extending to the chorion should appear in direct sequence in the list. These 
are the I. B. No. 2, Meyer’s and Strahl-Beneke’s. In two of these, viz. T. B. No. 2 and 
Meyer's, the strand from the yolk-sac terminates in relation to a space or spaces in the 
chorionic; mesoderm which are in some way related to vascular development. In the former, 
angioblastic strands are more plentiful there than at any other part of the chorion, with the 
exception of the base of the body-stalk, while in the latter a blood-island is present, although 
these are absent elsewhere from the chorion. The similarity in appearance in some respects 
at this area, in these two specimens, has already been indicated. In the T. B. No. 2 ovum 
the yolk-sac prolongation, after reaching and running on the inner surface of the chorionic 
mesoderm for a short distance, is replaced by an elongated protoplasmic mass of mesoderm 
which ends free in the chorionic cavity. This projection is traversed by a space which 
contains angioblastic strands. In the wall of this space the yolk-sac prolongation finally 
terminates. The strands in the space attract particular attention. Bryce, in his memoir, 
reproduces a section through this area (PI. iv, fig. 18), showing a lumen in the angioblastic 
strand present. I have made drawings of the strand or strands in the individual sections, 
and after very careful consideration I have come to the conclusion that the lumen present 
cannot he definitely accepted as an early vessel channel. As this question is one of some 
importance, it will be necessary to give a brief description of the appearances in this region. 

From the first section, after the endoderm elements have disappeared from the wall of the 
space, the space can be traced through forty-nine sections. In the first section, after the yolk-sac 
duct terminates, the space has just been formed by the running together of several spaces. 
From here onwards it does not branch. Throughout the sections the space, as far as one 
can judge, has been cut more or less at right angles to its long axis, except in the last 
three or four sections where it has been cut obliquely. In the first section there appear 
three strands, two of ivhich both show one nucleus present and the third five nuclei. The 
next shows four strands having respectively one, three, five, and six nuclei, and these strands 
lie in the space equidistant from one another, so that if their margins came in contact a 
lumen would be established. The third section shows only one strand w T hich as cut across 
has the form of the letter “ 0,' ! while, in the fourth, in which fourteen nuclei can be counted 
in the strand, the gap in the “ G ” is almost but not quite closed. In the next two the “ C ” 
shape is maintained, hut has opened up considerably. In the succeeding seven sections 
the strand appears in one, tw T o, or three portions. There is no suggestion of a lumen, but 
where the strand is in one portion only it has a double curve in the form of the letter “ S,” 
one extremity showing attachment to the wall of the space. The next section, the fourteenth 
from the one < first considered, shows the strand “ U ’’-shaped in section. In the succeeding 
section it 18 L -shaped, and the next section in order is that figured by Bryce where a 
closed circle is undoubtedly present. In the next section (seventeenth) the strand appears 
in t uce parts where again, if one imagined the adjacent margins in apposition, a lumen 
vvou <1 be present. The subsequent section shows four strands ; the nineteenth, one strand 
(attached to^wali of space) ; the twentieth, five strands (two attached to wall of space) • 
the twenty-first., four strands, while in the twenty-second there is but one strand “ C ”- 
n-p-u in su.thm. biom here onwards in the twenty-seven subsequent sections the strands 
7iZm^u mA numbfil ’ hUb m:vcr a * ain su «gest“ the possibility of a lumen-complete 

iv I‘"f !, >i% IW Clio Irak in the - C "-shaped form, of which there ere five examples, 
; v “ t" ** th r i» «»% • W present, must be token into account! 

' llL lM ' ,lH m Uie 111 ^ 10se sections has been produced in the course of 
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preparing the material, I still think these forms, including the particular one described 
by Bryce, do not represent channels or tubular cavities in a strand. My interpretation 
is that the angioblastie strand in this particular space is constantly dividing into branches, 
and being joined by new branches which run parallel to one another, and that the lumen 
represents a space around which several branches have joined up to form one. The space, 
therefore, I regard as not situated in a strand but as part of the space in which the strand 
lies. From the M'Intyre ovum it is clear that the earliest vessel channels arise as closed 
spaces within the angioblastie strands. I have come to the conclusion, therefore, that in 
the T. B. No. 2 ovum there is no canalisation of the angioblastie strands in the chorion, 
but that these are still solid. 

In the Strahl-Beneke ovum the yolk-sac prolongation to the chorion possesses no early 
vascular elements, and although spaces are described in the chorionic mesoderm these do not 
appear to be specially prominent at the attachment of the structure. Rossenbeck. describes 
two mesodermic strands running from the amnion to the chorion (one through the body- 
stalk), and these end in connection with vessel anlagen in the chorion. Grosser’ s ovum 
possesses a prolongation of the yolk-sac to the chorion, and in the wall of one of the entodermal 
cysts which this structure contains blood-islands are present. * 

These connections between the embryonic mass and the chorionic mesoderm must have 
some relation to vascular development, but the .information at present available does not 
furnish an explanation of this relationship. Bryce mentions Grosser’s suggestion that this 
“ might be a reminiscence of a stage in the phylogeny of the primates in which there was a 
yolk-sac placenta/’ 1 am prepared to state that, after careful examination of one specimen 
in which such a communication is present, I can find no evidence to indicate that the yolk-sac 
endoderm has any relationship to the angioblastie tissue present. This is contrary to 
Meyer’s findings. 

o 


Continuity of Vascular Tissues. 

The question of the continuity of the vascular elements has already been discussed with 
regard to the yolk-sac, and may now be considered for the other regions of the ovum, first 
individually and later collectively. In the body-stalk, while still at the stage of angioblastie 
masses or blood-islands, the umbilical arteries are being defined. This stage is represented 
by Debey re s ovum where two elongated blood-islands might be regarded in this light. 
Plexus formation in the case of these arteries must represent a very transitory phase, as in 
Kossenbeok. s ovum while still referred to as “anlagen ‘ they have a course corresponding 
closely let that of the umbilical arteries in the M‘1nty«k ovum. In the. case of the veins, the 
plexiform phase would appear to be of much longer duration, as it is still present in Ingalls’ 
(1920) specimen and to a lesser extent in Eteenod’s. 

As regards the chorion, definite statements are rarely encountered. Rossenbeck, how- 
ever, finds the chorionic vessel anlagen not continuously connected. This is in agreement 
with the appearances in the T. B. No. 2 ovum, and also in the M'Intyre ovum. At this stage 
it is interesting to note, that in a number of these early ova the area in the vicinity of the body- 
stalk shows a more advanced vascular development than elsewhere in the chorion. This is 
found both in the T. B. No. 2 and in the APIntyrk specimens. Ingalls (19 IS) finds vessels by 
far most frequent near the attachment of the body-stalk. Frahsi recognises vessel anlagen 
with certainty only near the body-stalk, in the Ingalls’ ( 1920) specimen, where vessels are 
abundant, formed elements are found only at the base of the body-stalk. As it is already 
clear that in the human ovum the information we have is entirely against a progressive 
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BOt come within the scope of this paper, but it is clear from the descriptions of the 
various specimens that the vascular tissues in the areas here considered are connected up 

before communication with the embryonic area is established. -i 

Much has been writer, about the origin of the intra-embryo, lie vessels because a proof 
of their independent origin in the embryo settles the question of the possibility of ormin 
of vessels i,,loco. A very complete review of the literature and experimental work-in 
this connection is given by M'Clure in his presidential address to the American 
Association of Anatomists, 1921. He concludes that the angioblast theory of His in 
Which it is maintained that the vascular tissue in the embryo is an ingrowth from ’the 
yolk-sac, _ uo longer holds, and “that the general principle of a local' origin of intra- 
embryomc endothelium has been completely confirmed by experiment.” Some additional 
evidence from human material that the “general principle” holds also for the extra- 
embryonic vascular development is supplied in this paper. 

Returning now to the work of Bremer , the appearances in the T. B. No. 2 ovum 
m some respects conform to the descriptions and theories he offers. Spaces and strands 
are present abundantly in the chorion and at the base of the body-stalk, but do not fulfil 
Bremers description m that neither forms a continuous network, and therefore, cannot 

™ ^ ' ! rect extension fr° m the body-stalk. No connection of spaces or of strands 

with the mesothelium of the body-stalk could be made out. Spaces in the chorionic 
mesoderm may communicate with the extra-embryonic coelom, but no mesothelium is 
present I he angiobiastie mass shown in PL I, fig. 4, lying at a higher level in the 
xx y -stalk might be regarded in the one section reproduced as having arisen by a sinking 
m of the surface, liven if this mass were in continuity with the surface, it is unconnected 
with the spaces and strands at the base of the stalk. These spaces with their contained 
strands 1 have already _ suggested belong to the chorion rather than to the body-stalk, and 
a theory regarding their method of formation and their significance has been propounded. 
In the ease of the MTntyre embryo, the conditions present are against Bremer’s contention 
that no surely isolated endothelial cords have been found in the chorion.” In the body- 
stalk of this specimen, however, the appearances are certainly in some cases very suggestive 
of a communication between the surface and the developing vessels through the medium 
of solid strands. One of these is reproduced in Plate Ilf, fig. 11. We mav, therefore 
conclude that the mesothelium of the body-stalk may play some role in vascular develop- 
ment m that part of the ovum, but that extension of this vascular tissue into the chorion 
and villi does not occur. The latter postulation is dependent on assuming that the spaces 
and strands m the chorionic mesoderm of T. B. No. 2 are the same as those described by 
IjREMEK. Julie appearances correspond sufficiently closely to warrant this. 

. . reat *”'c through the literature some difficulty is experienced on account of the 
wide range of terms employed to denote vascular elements and their different forms. For 
instance, m reference to the yolk-sac, does “the first anlagen of blood-vessels” represent 
a less mature or a more mature stage than “blood-islands”! ! have been content to 
emp oy some of the existing terms, but I think a simplification of tin: terminology merits 
the consideration of embryologists. Throughout, I have restricted the term “vessel” to 
those instances where there is a lumen containing free blood-cells. In some of the 
specimens it is quite obvious that the vascular development has only received passing 

me traxs Rov it™’ L al * the Madmens here considered were examined by one and 
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the same individual, the record would show many differences. In some cases, notably 
Streeter’s, Debeyre’s and Ingalls’ (1920), the vascular development receives special notice. 
The personal factor may to some extent come into play in recording the picture of the 
vascular system in isolated specimens. The identification of the very earliest representation 
of angioblastic tissue can be submitted only as an expression of opinion. The method of 
recording in this ease adopted by one whose work did not previously necessitate a knowledge 
of the literature was as follows. In the first instance a complete examination of the material 
was carried out, the findings recorded, and illustrations prepared. This explains the small 
number of references to the literature in the descriptive part of the paper. An investiga- 
tion into the literature was then made, and subsequently the material was again examined 
and a few' additional drawings prepared. Some alterations in the original description were 
necessary, but where doubt arose the first interpretation was allowed to stand. The very 
favourable plane of section in the ease of the MTntyre specimen was of the greatest help 
in investigating the continuity of vascular tissues. 

The work in connection with this paper was carried out partly in the Anatomy Depart- 
ment of the University of Glasgow, and partly in the Pathological Department of the 
Loyal Samaritan Hospital for Women, Glasgow. I am responsible for the drawings repro- 
duced, with three exceptions, viz. Plate I, fig. 3, by Mr A. Iv. Maxwell ; text-fig. 8, which 
is reproduced from Professor Bryce’s paper; and text-fig. 4, a photomicrograph which 
Professor Teacher w r as good enough to prepare for me. For these illustrations and for 
many helpful suggestions from Professors Bryce and Teacher I wish to tender my sincere 
thanks. I wish also to acknowledge the privilege of being allowed to examine the 
sections of the ova, Teacher-Bryce Nos. 1 and 2. 

The Carnegie Trust for the Universities of Scotland has made a grant to the Author 
to defray the expenses of reproduction of the illustrations. This grant is very gratefully 
acknowledged. 
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the wall of the yolk-sac the main effort is directed to the rapid production of blood-cells, 
whereas in the body-stalk, chorion, and villi channel formation is of equal importance to 
blood-cell production. 

6. Prolongations of the yolk-sac across the blastocyst cavity to the chorionic wall 
have some bearing, not properly understood, on vascular development in the chorionic 
membrane. It does not appear, however, that the endoderm elements which these may 
contain have any part in the origin of the vessels in the chorion. 

/. \ essel formation in the body-stalk outpaces that in the other regions, so that the 
first channels which can be identified as vessels having a recognisable course are those 
destined to be the umbilical arteries. 

8. The arterial and venous systems in the body-stalk do not communicate with one 
another or, if they are ever in communication in that structure, they become isolated from 
one another at a very early stage. 

9. Blood-cell forming tissues in tire body-stalk communicate with the vessel channels 
but do not project into these channels. 

10. The mesothelium of the body-stalk may play some part in vessel formation. 

IT Extension of vessel growth does not take place from the body-stalk into the 
chorion, but there is some evidence that the reverse process may occur in connection with 
the venous channels in the body-stalk. 

12. In the earliest stage at which angioblastic tissue is found in the chorionic meso- 
derm, it appears in the form of nucleated protoplasmic strands which run in spaces. 
These strands are destined to form vessels and blood-cells, while the spaces are regarded 
as a temporary provision for the ready diffusion of substances for the nutrition of the 
ovum and, more particularly, of the angioblastic tissues which the spaces contain. 

13. At the stage at which angioblastic tissue appears in the chorionic mesoderm, the 
latter possesses no mesothelium, and. therefore, mesothelium in this region has no role in 
vessel formation. 

14. At a very early stage of development the distribution of the vascular tissues in 
the chorion indicates a differentiation of the area around the body-stalk towards placenta. 
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IN THE HUMAN EMBRYO PRIOR TO THE ESTABLISHMENT OF THE HEART. 

DESCRIPTION OF PLATES. 

(A scale indicating the magnification is supplied with each drawing taken from the sections.) 

Plate I. 

Fig. 1. Teacher- Bryce ovum No. 2. Wall of chorionic vesicle showing an inner mesotheliura-1 ike layer (Mth.), a 
reticulate zone (Rz.), mesoderm (Mes.), and the trophoblast (Tr.). 

Fig. 2. Teacher-Bryce ovum No; 2 Wall of chorionic vesicle including the base of a villus. The mesoderm 
contains spaces, in one of which a large angioblastie strand, appears in cross section (A). 0., cavity of chorionic vesicle ; 

V., villus ; Tr., trophoblast. 

Fig. 3. Teacher-Bryce ovum No. 2. Drawing by Mr A. K. Maxwell of a medium -sized angioblastie strand and 
space in the chorion. 

Fig. 4. Teacher-Bryce ovum No. 2. Drawing from a section through the body-stalk to show a space containing 
early blood-cells (Be.), situated near the embryonic extremity of the stalk. . The rnesotheiial covering on the surface 
(M.) is apparent, and its possible relationship to the space is indicated by the arrow. S., surface of body-stalk. 

Plate II. 

Fig. 5. Teacher-Bryce ovum No. 2. Yolk-sac wall showing a small mass (blood-island ?) between endoderm and 
mesoderm. M., mesoderm ; E., endoderm. 

Fig. 6. The same mass as in fig. 5 two sections removed, showing protoplasmic connection with the mesoderm 
layer. M., mesoderm ; E., endoderm 

Figs. 7-1,0. MM nt y re embryo. Examples of the four stages of blood-island formation in the wall of the yolk-sac 
•as described in the text. M., mesoderm ; E., endoderm. 


Plate III. 

Fig. 11. M‘ Intyre embryo. The field embraces the dorsal part of the body-stalk on one side. The amnion wall 
(Aw.), is seen passing off from the stalk. Near the angle between the amnion wall and the body-stalk a depression of 
the mesothelium (Mth.) runs towards an angioblastie mass (Am.), which at this particular level may almost be 
regarded as a vessel. A., cavity of amnion. 

Fig. 12. MMntyre embryo. Wall of chorionic vesicle showing condensation of protoplasm and nuclei to form the 
earliest representation of an angioblastie strand (As.). Tr., trophoblast ; M., mesoderm of chorion. 

Fig. 13. MMntyre embryo. Chorionic mesoderm showing the presence of an angioblastie strand in which haemo- 
globin-coloured '-cells have appeared 

Fig. 14. MMntyre embryo. A further stage in development, of the chorionic vessel is shown. Contained blood- 
cells are seen and a lumen is present for some distance. 
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V. — Development of Cavia : Implantation. By Norman Maclaren, Ph.D., F.L.S., Lecturer 
in Embryology, Anatomy Department, University of Glasgow. Communicated by 
Professor Thomas H. Bryce, F.R.S. (With Three Plates and Five Text-figures.) 

(MS, received June 19, 1926. Read July 5, 1926. Issued separately November IS, 1926.) 

Introduction. 

Since Graf v. Spee’s admirable work Die Implantation des Meerschweincheneies in die 
Uteruswand , published in 1901, # little has been done to add to our knowledge of the 
implantation of the embryo of Cavia. His deductions seemed conclusive and passed almost 
unchallenged into the general literature as an essential part of our knowledge of 
mammalian embryology. 

Graf v. Spee’s general conclusion was summed up as follows : “ Die daran gemaehten 
Befunde aber fiihren zu der Erkenntniss, dass das seit seiner Befruchtung noch nieht 
gewachsene Ei des Meerschweinchens wie ein schadlicher Para, sit zunachst das Uterusepithel, 
dann das subepitheliale Uterusbindegewebe angreift und vernichtet, urn sicli in der Uterus- 
wand einen Platz zu verschaffen, in den es sieh einpfianzt und nachher erst in eine Art 
Symbiose mit dem Uterus eintritt, die ihren Ausdruck in der Placentarbiklung findet.” 

The essence of this interpretation is that the implantation cavity is produced outside 
the uterine lumen by a destruction of the subepithelial connective tissue after the embryo 
has become attached to the epithelium, and has, as it were, eaten its way through it. It 
has become implanted by the destructive activity of its own cells in the connective tissue 
of the uterine mucous membrane, whereas in the mouse, rat, and vole the implantation cavity 
is primarily part of the uterine lumen from which the epithelium has disappeared. As a 
matter of fact, apart from the more extensive destruction of the uterine tissue in Cavia, 
the end result is much the same in both cases. The object of the present paper is to 
demonstrate an alternative interpretation of the primary phases of implantation in Cavia, 
which brings them more into harmony with what occurs in Mus and other forms in which an 
actual penetration of the epithelium does not occur. 

Emrys-Roberts t and Hermann and Stolper,| more recent writers on the problem 
presented by Cavia, have contributed figures and descriptions of some of the phases of 
implantation, but have accepted the root idea laid down in Graf v. Spee’s paper. 

A complete series of embryos has been obtained from the much later stage in which 
the splanchnopleuric folds have met and the gut is closed, down to the stage represented by 
fig. 1, Plate I § (24 A, a free blastocyst with the zona radiata intact). Obviously, the implan- 
tation process is not concerned with embryos at younger stages than 24 A. But though the 
stages of development anterior to this phase are still unknown, yet we are now in a position 
to homologise the component parts of a blastocyst of this age with those of other mammals 
at similar phases of development. 

* Zeitschrift f, MorphoL u. Anthropoid, Iki, iii, p. 132. 

f Journ. of Anat., vol. xliv. 

+ “ Zur Syneytiogenese beiiu Meerschweinehen,” tiitmnguher, d. K. Akad . d, IVm. Wien, Math, Naiuncm Klasse, cxiv Bd. ? 
x Heft, Abt. iii, 1 905. :: ) 

§ These figures are merely the catalogue numbers of the embryos in my collection. 
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radiata is very distinct. It is thinnest at tbe side next the epithelium, but nowhere, shows 
signs of such breaking down as is to be seen in other embryos of this age. 

The blastocyst cavity is clearly visible and surrounded by a single layer of cells, except 
at one side. Here there is a well-defined knot of cells which itself shows undoubted 
evidence of differentiation into two parts, an inner and an outer cell-mass. 

The interpretation to be put upon the parts of this blastocyst is a matter of difficulty. 
At first sight one would conclude that the wall consists of trophoblast, and that this .is 
thickened at one end to form the rudiment of the so-called Trager in the mouse or the rat ; 
further, that the inner cell-mass represents the inner or formative cell-mass of classical 
descriptions. An examination of a full series of embryos, however, demonstrates, that while 
the polar thickening undoubtedly gives origin to the trophoblast of the Trager, the layer 
of cells bounding the cavity in the rest of its extent becomes directly converted into the 
lamella continuous with the definitive endoderm, and represents the endoderm of the 
inverted yolk-sac wall in mouse or rat. Thus the trophoblast instead of forming a layer 
which completely envelops the embryo as in the mouse or rat is in the guinea-pig localised 
at one pole only. The attenuated outer layer seen in these other rodents appears to be 
entirely suppressed in Cavia. Its presence has been assumed by most writers on the 
embryology of this animal, but it has never been actually observed. In spite of the most 
rigorous search, I have never been able to identify any layer of cells at any stage which 
could be supposed, even with a stretch of imagination, to represent this layer. It is 
therefore competent to conclude that it has been suppressed. As already stated, we do not 
know how this came about, as the immediately preceding phases have never been described. 

I hope to make good this gap in our knowledge, but meantime the sequence of embryos 
I have secured makes it evident (l) that the wall of the cavity of this blastocyst (which 
strictly does not deserve this name) consists of yolk-sac endoderm ; (2) that the outer 
cell-mass constitutes the trophoblast; and (3) that the inner cell-mass represents the future 
amnio-embryonic ectoderm. 

The cells seen projecting inwards in the figure are apparently endoderm cells that 
have come apart from the zona radiata. They are distinctly oval in contrast with the 
rounder cells of the knob. Two deeply stained’ flattened oblong nuclei are seen in the 
angles between the knob and the endoderm. They are very distinctive and differ from all 
other nuclei in the blastocyst, but their significance is not clear. 

Second Stack of Implantation. Disappearance of the Epithelial Wall of the (Jrvpt. 

Stratum Compactum still Intact. 

Two embryos, 31 B 73 and 31 A 58, illustrating this phase, are seen in fig. 2, Plate I, 
and fig. 3, Plate II ; also text-figs. 1 and 2. 

Age 6 Days. Dimensions: 3! B 73, 0’075 x 0*055 x 0*00. mm, 

31 A 58, O' 07 9 x 0*05 x 0*05 mm. 

Both of these embryos recall at once some of Graf v. Spkf/s illustrations, but some 
of the later figures of Emrys-Boberts and of Hermann and Stolper are not so easily 
reconciled to them. 

31 B 73 is apparently lodged in a nest which, has been excavated below the uterine 
epithelium. The condition of the stratum compactum is similar to that in 24 A, but 
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brought to a much higher degree of development. The nuclei of the decidual cells are 
very°large. of spheric a r form, and closely massed together. Mitotic figures are numerous. 
The cell-bodies are no longer sharply isolated from one another, but form what is practically 
a continuous protoplasmic matrix. The whole area involved takes on the hsematoxylin 



Text-fig, 1. — Schematic drawings of four serial sections through the site of implantation of 31 B 73. 


and eosin stain with a peculiar and very distinctive matt effect. At one side of the 
mouth of the crypt in which the embryo lies there extends a slip of degenerating 
epithelium between the embryo and the stratum compactum. At the opposite side from 
this slip there are seen a few cells which seem to be of the same nature. Both lips of 
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lining of epithelium, although this is now in process of degeneration. The remainder of the 
epithelial wall has disappeared, and the underlying tissue of the stratum compactum shows 
an earlv phase of the destructive process which becomes so pronounced m later stages. The 
decidua immediately round the crypt is practically nuclear-free, liie matrix stains somewhat 
strono-lv with eosin, is very finely granular, and shows the beginning of vacuolation. 

The presence of a partial epithelial lining in the crypt is an important feature. It cannot 
readily be explained on the hypothesis that the embryo has become implanted by boring its 
wav through the epithelium. A more feasible explanation of the phenomena is that 31 B 73 
was received into a crypt similar to the one in which 24 A is lying The margins of that 
crvpt then grew over the embryo, while the epithelium underneath degenerated. Older 
embryos, as°we shall see, supply evidence in favour of this view. The peculiar position of 
31 A 5 8 ' is explicable on the assumption that the crypt m which the embryo lodged was 
forked, as indeed these crypts frequently are. 

In 31 B 73 the zona radiata is completely gone, lne kiiod is now divided into two 
parts, trophoblastic {Triiger) and central cell-mass (ectoderm) with the incipient extra- 
embryonic coelom lying between. The blastocyst is thus bipolar, and that part which 
represents the endoderm surrounds the pole opposite to that occupied by the localised 
trophoblast (Triiger), while the original cavity of the blastocyst, as seen in 24 A, has com- 
pletely disappeared. It is noteworthy that the trophoblast is already firmly adherent to the 
epithelium while the endoderm, though doubtless during life m protoplasmic contact with 
the opposite wall, here shows a free margin. In both this embryo and 31 A 58, the nuclei of 
the endoderm cells show a tendency to be smaller and more oval than those of either 
trophoblast or central cell-mass. 


Tutpp Stage in which the Destruction of the Stratum Compactum has 
Commenced, and Implantation is Complete. 

The rapidity with which these changes must take place can be realised by comparing the 
two embryos 31 B 73 and 31 B 33. These two were m the same horn of the same uterus, and 
are only some 800 sections apart (about 8 mm.). Yet the period between the births of the 
young of Cavia at one litter cannot be very great. 

31 B 33 . Age 6 Days. Length 0 T 1 mm. (Text-fig. 3 .) 

Unfortunately the plane of section is almost tangential to the uterine lumen. Hence, 
though extremely valuable for study, yet a single drawing or photograph illustrating at once , 
the relations of embryo to epithelium and lumen cannot be got. Other embryos admit of 
this so admirably that observations on this specimen are confined to the embryo itself. 

The embryo is attached to the under side of the epithelium at one side of the Triiger 
only, the rest of its periphery lying apparently free in the space produced by the destruction 
of the stratum compactum. 1 say apparently, because tags of protoplasmic processes can be 
seen projecting from both the trophoblast and endoderm, and suggest that in life they might 
have extended across the destroyed area and been, in contact with cells of the stratum com- 
pactum. The nuclei of the ectodermic knob, while heavily laden with chromatin, do not 
take hematoxylin quite so deeply as do those of the endoderm or trophoblast. The nuclei 
of the endoderm are distinctly oval. The space between ectodermic knob and the Triiger— 
future extra-embryonic coelom — is clearly seen. 
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•-y Q 2 . Age uncertain. Dimensions 0*12 x 0‘057 x 0‘06 mm. (PI. II, fig. 4, 

and PI. Ill, fig. 6.) 

In this specimen the destructive process affecting the decidual tissue has become very 
active. The nuclei of the stratum eompactum are now differentiated into two types. Those 
immediately surrounding the destruction space are relatively small, heavily charged with 
chromatin, and stain deeply, while the more distant ones are larger, clear, and vesicular, and 

the comparatively small chromatin content is dis- 
• ,jQ- tributed mainly over the nuclear wall, 

it The result of this differentiation is the general 
St appearance of an irregularly deeply-staining zone in 
U the immediate vicinity of the embryo, with a paler 

Qw^tfilS /§&■' zone be y° nd > as seen * n %• Plate III, and fig. 4, 

TlM ra l Plate II. The destruction space is already larger and 

more irregular (fig. 6). This figure gives a general 
• view of the embryo and its relations to the uterine 

" W' ^ umen and destruction space. In the formation of 

this space it can be determined from this and other 
# jr? specimens of the same stage that both vessels and 

nr glands are involved in the breaking down of the 
r'i tissue of the eompactum. The most striking feature 

Jy is the presence of certain plasmodial strands (fig. 6) ; 

. ;■# - ex* *” one, smaller, immediately to the left of the embryo 

JfL’ between it and the decidua, I take to represent the 

' ' remains of the epithelial lining of the pocket in 

which the embryo lay previous to its implantation, 
Tuxt-fig. 3 —Embryo 3i b 33 . while the larger mass of degenerating epithelium 

lying lower down in the specimen demonstrates how 
the extreme anti-mesometric part of the uterine, cavity has now become obliterated and its 
wall become involved in the destruction process. 

The embryo has grown in length. The Trciger is now a many-celled mass with no 
definite cavity as yet apparent in it. The nuclei are rounded and do not stain quite so 
deeply as those of the ectodermic knob. The nuclei of the endoderm are smaller and more 
oval; they stain somewhat differently from those of either the ectodermic knob or Tr tiger. 
Prom some of their cell-bodies little processes of cytoplasm extend outwards. Between the 
Trciger and the ectodermic knob is seen the still small extra-embryonic coelom. 


Embryo 2 A. Age uncertain. Dimensions. 0T6 x 0‘07 x 0’07 mm. (PI. TIL, fig. 5.) 

Though the exact age of this beautiful specimen is unknown, it is obviously older 
than 2 0 2. The destruction space here is still larger and more irregular. A strand of 
plaamodinm, which 1 believe to be derived from the destroyed epithelium, is well seen 
occupying a similar relative position to embryo and cavity of uterus as in the previous 
figure. Of great interest is the small cavity seen in the uterine epithelium, the remnant 
of the ftiiti-mesometvk corner of the uterus in process of obliteration. The intimate relation 
o! trophoblast to uterine epithelium is excellently seen. A new development is the appearance 
' cavity in flu; Trthjrr, the trophoblastic cavity, which in still later stages becomes so 
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Summary and Conclusions. 

ommencement of this paper, my object is to demc 
1 alternative to that suggested by the theory of Cra 
ride a diagrammatic recapitulation of the processes 


Text-fig. 4. --Hypothetical figure of the process of implantation as interpreted in this paper 


according to my interpretation of them, in the stages we have now examinee, 
outline drawing of an actual uterus containing a free embryo (ho. 2 4 b 
specimen was chosen because it possesses several crypts, m any one of which t 
xnio-ht have come to rest. I begin with the assumption that the embryo becai 
in °the crypt X in diagram A; diagrams B, C, and D then represent successive 
the process by which the embryo is finally implanted, as is shown in It. 

B corresponds in our series to 24 A, in which the embryo lies against t e 
thinned-out epithelium at the bottom of a crypt whose lips have not yet com 
enclose it. C corresponds to 31 B 73 where the lips of the crypt are grown toj 
almost meet, but a plug of trophoblast is still separating them. Ihe epitheh 
crypt is still present at the sides (in 31 B 73 at one side only), but is oblitera 
bottom. D corresponds to 31 A 58 where the lips and trophoblast are m 
intimate relationship and the epithelium of the crypt is almost gone. In this d 
lower lip is represented as projecting far into the anti-mesometnc Inmen. Bxa 
stao-e has not actually been observed, but from the analogy of 31 A 58 m which th 
lip? have grown over and cut off a secondary crypt, it is believed that by a contmu 
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contact with the opposite wall of the uterus, and so 
' It is only in some such way as this that stage 
epresents embryo 2 C 2 in which the lips are completely 
• is completely cut off. The epithelial mass 
the degenerated epithelium of the anti-mesometric crypt, 
>. 6, Plate I'll, while the strand of 
A (fig. 5, PI. Ill) is of the same nature, though some of the 
d from the degenerating stratum compactum. 
trie but not interstitial. The embryo does not 
ut is, as it lies in the crypt, enveloped by folds of 
part of the cavity of the uterus. 

■ypt first disappears, then that of the whole 

Finally 
than any of those 


same process the lower lip comes in 
cuts off the main anti-mesometric pocket. 

E can he realised. This diagram r< __ 
fused together and the anti-mesometric crypt 
shown by dotted lines represents m ’ _ 
and corresponds with the epithelial remains seen in fi, 
plasmodium so well seen in 2 
small plasmodial masses may be derive 
Implantation, then, is excen 
penetrate the stratum compactum, bi 
epithelium which shut it off in what is really a 
The epithelium of the bottom of the cr 
anti-mesometric part of the uterus which lies at a lower level than the embryo, 
the whole lumen is obliterated, but this occurs at a much later stage 

T with 'which we are dealing here. The 

y primary process seems to be essentially one 

of cireumvallation. One of the factors in- 
/ Jf|\ | ji J\ spiring the researches on the early stages 

j ||J\ \ l f I \ s of development in Cavia, of which some of 

1 __ _ r j L the results are recorded in the present paper, 

E ^\ was the supposed close analogy between the 

\ / J process of implantation of the ovum in the 

V J ^ human subject and that in Cavia. The 

a b ulterior stages of the process show exten- 

Text-fig. 5,-niagrammatio representation of arrangement of trophoblast giye destruction of decidual tissue at the 
and endoderm in Mus and Cavia. 

A, the condition in Mus; B, the actual condition in Cavia; 0, the site of implantation in both Cases. Regard- 

hitherto accepted idea of the condition in Cavia (Seleuka) ; T, 1'rdger ; j n g the primary stages involving the first 

T.S., trophoblastic sac ; li, endoderm. ■, ,. r v • 

1 absorption of uterine epithelium m the 

human subject, it is of interest to note that the idea of cireumvallation is a very old one, 
i it does to William Hunter. 

Selenka * was responsible for figuring an enveloping sac of trophoblast for Cavia 
(text-fig. 5). Duval, f although he expressly says he did not work out the early stages 
of this animal, also assumed from the analogy of Mus that such an enveloping trophoblastic 
layer existed. 

However, as has here been seen, no such sac exists in these stages, and certainly 
none is developed later. It is of great interest to observe that in Cavia the localised 
trophoblast or Triiger forms indeed the “ carrier,” while the naked layer of endoderm is 
bathed by the contents of the destruction space. 

I desire to express my deep sense of obligation to my chief, Professor Bryce, for 
criticism and encouragement, and also and more especially for his kindness in embellishing 
my paper with the beautiful natur-treu figures — -reproduced in Plates I and II. 1 must 
also thank Miss Niven, M.B., Ch.B., for her very excellent drawing reproduced on Plate III. 
Lastly, I • desire to express my sincere thanks to the Carnegie Trust for the Scottish 
umveir&ities for a grant in aid of the illustration of this paper. 

, tamm u. Antis, d, Ture, 188$. + « La Placenta des Rongeurs,” Journ. de I’Anat. el de la Physioloaie, 1892. 
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DESCRIPTION OF PLATES, 

scale occurs on a drawing it denotes 0-01 rum.) 


;. 1. Embryo 24 A The embryo measures u 
’trie end of the uterine lumen. The zona radi 
embryo consists of a vesicle, the wall of which 
outer and an inner group of cells. 
y 2 Embryo 31 B 73. The embryo measures 

; th of the epithelial lips of the original crypt, the mouth ot w 

helium which has, however, disappeared from 1 „ 

v degenerative changes. The cavity of the embryonic 
olid mass of cells distinguished from the surface lay 
The outer layer of the polar mass 


a recess formed by the 
s crypt is partially lined 
1 tissue is just beginning 
The interior is occupied 
nd by the shape of the 
h the epithelium of the 


0-075 x 0 053 x 0'06 mm. It occuj 
■’ " fhich is still open, 

the greater part of the floor. The decic 
vesicle has now disappeared 
per by slightly deeper stainin 
has established very intimate relations 


g. 3. Embryo 31 A 58 The embryo 
lly placed distal to the original crypt of 
er stage of vacuolation of the protoplasm, 
idge that has cut off the secondary crypt 
g. 4. Embryo 2 C 2. The embryo measures 
with the upper part of the Trager in 
nnio-embrvonic ectoderm lies the incipient extn 


measures U-U/axu-uu xu .mu. _ 

implantation. The decidual tissue bounding this latte 
The trophoblast is seen extending into and involving 

from the lumen of the uterus. 

0 12 X 0-057 X 0 06 mm. The embryo lies free in t 
close contact with the uterine epithelium. Between trof 
•a-embryonic coelom. Note the epithelial remm 


Plate III. 

0-16 x 007 x 0*07 mm. It shows elea 
coelom with its delicate lining membrane, 
the all hut obliterated anti-mesometric ute: 
an adjacent section to that depicted in 
thelium of the anti-mesometric uterine 


Embryo 2 A. The embryo measures 
( Trager ) and the extra-embryonic 
e epithelium to the left of the Trager is 
Embryo 2 0 2. A photomicrograph of . 
compactum and the remnants of the epv 
lial mass seen has been alluded to in the text of the paper 


tig. 4. Two zones of 
lumen are clearly seen. 
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VI.— -The Development of the Hypophysis Cerebri in Man, with a Note upon its Structure 
in the Human Adult. By David Waterston, M.D., Bute Professor of Anatomy in 
the University of St Andrews. (With Three Plates and Twelve Text-figures.} 

(MS. received June 21 , 1926. Read November 8, 1926. Issued separately December 13, 19 * 26 .) 

The development of the hypophysis cerebri throughout tire Vertebrates has attracted 
the attention of many workers, and our knowledge of its development and adult structure 
is comprehensive in many forms of the Reptilia, Amphibia, Fishes, in certain Marsupials, 
and in. several of the best-known Mammals. 

Its development in man has recently been investigated by Rudel (l) and by 
Hochstetter (12), but the small number of specimens as yet examined and described by 
these and other writers makes it desirable that further work should be done on this 
subject. 

While in the general plan of its structure the human hypophysis resembles that of other 
Mammals — it is, for example, composed of an anterior or “oral” and of a posterior or 
“neural” lobe — the usual description of the adult mammalian hypophysis is not in all its 
details applicable to that of man. There is, for instance, in man no intraglandular cleft 
separating an anterior lobe proper from a “ pars intermedia ” ; and a “ pars intermedia,” as 
found in other forms, does not exist in the human adult gland. 

The recent attention which has been given to the presence of a “pars tuberalis” in 
many forms renders it desirable that the presence and the development of this element in 
the human hypophysis should be investigated. 

The purpose of the following paper is to describe a series of specimens of the develop- 
ment of the human hypophysis, and to discuss their bearing upon the structure of the 
adult organ. 

A study of the developing hypophysis in Tarsius afforded some enlightenment on the 
condition in the human embryo, especially in connection with the morphological interpretation 
of what appeared to be the rudiment of a “ lobus tuberalis.” 

I have therefore included a description of a critical stage in the development of the gland 
in Tarsius. 

Attention is drawn to certain features of the development of both the oral and neural 
lobes which have not hitherto been described, or have been incompletely dealt with; this, 
it is hoped, will throw light upon the structure and morphology of these parts in the 
adult organ. 

It has been pointed out by other writers, and it has been very forcibly impressed upon 
myself, that in too many instances the development of the hypophysis has been described 
from sagittal sections alone, and frequently only from the appearance seen in a medial sagittal 
section, and that such material does not suffice to disclose the development and structure 
of the organ. 

It is quite essential to supplement such material by the study of specimens cut in other- 
planes and especially in the transverse, and several series of such sections have been 
used here. 

TRANS. ROY. SOC. EDIN., VOL. LV, PART I (NO. 6). 
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RSTON ON DEVELOPMENT OF THE HYPOPHYSIS CEREBRI IN MAN, 


is desirable to employ terms which are applicable at all stages of their development. For this 
reason the terms “anterior” and “ posterior ” applied to the primary elements constituting 
the fully formed organ are here discarded, as they do not accurately represent the relative 
position of the two parts at all stages, and in place of them the terms “ oral ” and “ neural ” 

respectively are used. 

The oral element originates as a transversely directed slit-like pocket from the roof of the 
stomodeimi. The apex of the pocket is the ab-oral or distal end, while its mouth is the oral 
or proximal end. The slit is a transverse one, i.e. at right angles to the long axis of the 
embryo, and hence originally one surface of the pocket looks towards the tail end and the 
other to the head end. They are therefore here termed the “caudal” and the “rostral” 
surfaces respectively. 


1#— T.S head <»f 3-mm. human embryo, ahe 
tlm deprmion in the roof of the stomodoiun, 

N, neural tube ; 0, stomodeum. 
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WITH A NOTE UPON ITS STRUCTURE IN THE HUMAN ADULT. 

through the middle of the recess, shows a central stem, 0, dividing into two horns which 
partially enclose the floor of the diencephalon. The most posterior section (C), again several 
sections bach, shows the recess widening out, and gradually merging into the roof of the mouth 
cavity. 

The apex of the recess in the median plane lies, separated by a layer of connective tissue, 
close to the floor of the diencephalon. On each side the oral pocket is prolonged into a lateral 
horn of considerable size, the two horns embracing the sharp ventral border of the neural tube 
(fig. 2, B). 

The lining epithelium consists of long narrow cells set vertically to the surface. 

No trace of the formation of a neural lobe could be detected in the floor of the 
diencephalon. 

This condition of Rathke’s pocket — a central stalk with two lateral horns — does not appear 
to have been hitherto recognised in the human embryo. Woerdeman figures a series of 
sections somewhat similar in the developing hypophysis in a mouse of 8‘1 mm. length, and 
IIochstetter’s fig. 20 (loc. cit.. Tafel YI) shows a similar, but earlier, condition of a central 


B 





Fig. 2. — Tracings of transverse sections of hypophyseal region of6-mm. human embryo. 

A, the most rostral ; B, four sections caudal to A ; and G, four sections caudal to B. (Sections 1 0,u. ) B shows the two lateral 
processes from the oral pocket which at this stage enclose the floor of the diencephalon. 

0, oral pocket ; E, epithelium of oral cavity ; N, neural tube ; V, “ Vor-raum,” continuous with the cavity 0. 

stem and two slight lateral recesses in a human embryo 8*13 mm. in length, but this has not 
attracted his attention. The rostral recess (fig. 2, A) is of considerable interest, for it 
demonstrates the occurrence, in a human embryo of this stage, of the rostral prolongation of 
the oral pocket, known as the “ Vor-raum,” to which Woerdeman ascribes considerable 
significance in his comparison of the development of the oral lobe of the hypophysis in 
Selachians, Reptiles, and in Mammals. 

8 -mm. Embryo. (Figs. 3, 4, 5, and 6.) 

The reconstruction (X-100) shows the oral pocket, roof of the mouth of pharynx, and the 
adjacent part of the neural wall. 

The orifice of the pocket in the roof of the mouth is a transverse curved slit, convex 
rostrally, limited by a sharp caudal margin, while the rostral wall slopes gradually into the 
roof of the mouth. 

The pocket in the reconstruction is 45 mm. deep, 65 mm. in the coronal plane, and 16 mm. 
in the sagittal. In size, shape, and proportion it is similar to IIoohstetter’s (12) reconstruc- 
tion for an embryo 8T3 mm. in length (loc. cit., Tafel Y, fig. 7). 
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e length with the floor of the 
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Tracing the arrangement from the more caudal portion of the neural tube rostrally 
(fig. 6, A and B) there is first seen a single median pear-shaped projection (R) on the external 
surface of the tube, for the most part solid, but hollow at its root. It is composed of tissue 
similar to the inner ependymal layer of the neural wall. 

More rostrally this median pocket presents two lateral evaginations from the neural 
cavity, separated from one another internally by a slight median ridge (C and D, fig. 6). 



Fig. 6. — Four tracings of transverse sections of head of 8-mra. embryo. A, the most caudal ; 

D, the most rostral, successive figures six sections apart. 

R, neural ridge ; P, lateral neural pockets. 

This arrangement persists through some ten sections. The pockets become less distinct 
on the external surface, but from the interior they remain very distinct, separated by a sharp- 
pointed crest. 

The adjacent connective tissue is notably vascular. 

A few sections further forward the pockets disappear and also the central thickening of 
the floor of the neural tube. The significance of these pockets is discussed later on (p. 142). 

10 -mm. Embryo. 

The sections of this specimen were in the sagittal plane, and fig. 7 shows a drawing from 
one of them, slightly paramedian. At a magnification of 100 diameters the oral pocket 
measures 64 mm. in length and 09 mm. in transverse width. Sections in the sagittal plane 
do not so clearly demonstrate the presence in the floor of the diencephalon of the lateral 
pouches described in the 8-mm. embryo, but they can be identified here also, and except for 
a slight iucrease in size, the specimen shows a condition similar to that in the 8-mm. embryo, 
and it does not require further description. 
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12-5-nwi. Embryo. (Text-figs. 8, 9, and 10, and Plate I, fio-. i.) 

In a plate reconstruction at 100 diameters magnification the general shape and arrant 
n! of the oral and neural P ortions are shown. The oral pocket is similar to Hochstetter 
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tri radiate lumen present in this region. The tubular portion of the stalk measures m the 
reconstruction some 13 mm. in length, and lies in the condensed pre-cartilagmous tissue 
of the cranial base. The expanded distal portion is leaf-shaped, tapering to the stalk. 
Its distal border is notched for the neural lobe, and the lateral margins are turned 
forwards and slightly lobulated. It measures in the reconstruction 55 mm. in height, apart 
from the stalk, and 80 mm. in width. 

Neural Lobe .— The neural pocket projects from the floor of the diencephalon as a 
conical pointed process, having its root opposite the apex of the oral pocket, and projecting 



back into the groove on its distal border. 


The floor of the diencephalon near the root of this lobe shows a highly complex degree 


of folding which would be unintelligible but for the simpler condition shown in the 8-mm. 


embryo. The reconstruction and the tracings of successive sections (text-fig. 10) show in the 
floor of the diencephalon a longitudinal median internal ridge almost 50 mm. long in the 


reconstruction, tapering at each end, and extending caudally and rostrally considerably 


beyond the limits' of the outgrowths seen on the external surface. 

The opening of the cavity of the neural pocket lies about the centre of this ridge and is 
directed slightly to the left side. Its cavity is continued into the end of the pocket, its 
outline irregular (PI. I, fig. 2). 

On each side of the ridge, examining from the interior, is a slit-like groove deepest at, 
and rostral to, the orifice of the evagination. 

These grooves are clearly the same as the grooves noted in the 8-mm. embryo, but 
they do not in this specimen project as elevations on the external surface. 

In the successive sections traced in fig. 10 is shown the arrangement at different 
levels. 

In A, most caudally, is seen the rounded external projection from the floor of the 
diencephalon. 

In B and G the folded crest in the interior of the neural tube. 

In E the orifice of the neural outgrowth, directed slightly to the left, in the centre of 
the ridge, and the two lateral slits upon either side. 

I , G, and II shows the gradual disappearance of the ridge. This convoluted arrangement 
of the floor of the diencephalon has not hitherto been described. 

I lie condition is not an artifact, for the histological state of the embryo was practically 
perfect. Comparison with the 8-mm. embryo shows that the arrangement is the same — in 
the floor of the neural tube a ridge centrally and a recess on either side, with the opening 
of the “ neural lobe ” in the centre of the ridge. 


16 ~mm. Embryo. 

The condition in the specimen is similar to that in the last, but the lateralmargins 

rostral surface of the 


of the oral lobe are more folded forwards. 

There is the same projection of the root of the stalk on the 

glandular portion. * : G ■ Y 

G . , . fk® Ittmen, however, is no longer triradiate, for the lateral surfaces of the ridge are 

largely fused with one another, and the cavity obliterated. ' ' 

In i he floor of the diencephnlon there are two small lateral recesses by the side of the 

I .‘I-,!.** \T"f to tht * se m the former specimen, but less distinct, as the folding 
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Embryo 20 mm. in length (S 3). 

Plate I, fig. 3, shows a reconstruction at fifty diameters of the hypophysis viewed from 
the front, without the stalk. 

The reconstruction of the oral pocket is similar to Hochstetter’s (12) from an embryo 
20'9 mm. in length ( loo . cit., Tafel VI, fig. 15). The stalk is a slender column of cells for the 
most part solid, the cavity having disappeared in the upper and middle parts, but is present 
at the lower, i.e. at the pharyngeal end. The stalk is embedded in the cartilaginous basis 
cranii, and measures in the reconstruction 64 mm. in length. At its distal end it passes into 
the border of the expanded glandular part. This distal glandular portion of the epithelial 
oral pouch is widely expanded transversely, measuring in the reconstruction 65 mm. in its 
maximum transverse width, and 37 mm. in length. 

The form of its rostral surface requires careful examination, for it represents features 
which become of considerable importance later. 

The rostral wall and the margins of this, the distal part of the primitive oral pocket, 
are the basis from w r hich the “ anterior lobe ” of the adult hypophysis is formed, but all parts 
of this rostral wall do not participate alike, and all parts of its surface do not develop equally. 

The principal parts showing rapid development are : 

(1) The lateral margins. 

(2) A ridge on the central part of the rostral surface. 

(3) The proximal margin. 

The rostral surface shows a central crest, and the lateral and proximal margins curl 
towards it, producing on each side of the central projection a deep hollow filled with 
connective tissue. 

The distal border shows a central depression in which lay the stalk of the neural lobe ; 
eventually this stalk becomes enclosed by the lateral horn-like projections. 

Sections of the various portions of the body show a large lumen in each of the horns and 
in the body ; the bending forwards of the lateral margins ; and nodular thickening of the 
anterior wall through the formation of solid ball-like masses of cells. In the wall of the 
right horn is a large well-formed follicle. 

The turned-up proximal margin is rounded and lobulated except in its central portion, 
which at this stage remains flat, and marked by a rounded projecting ridge which extends 
forwards on the rostral surface (PI. I, fig. 3). 

The neural lobe has a short thick stalk, compressed from side to side, and with a wide 
lumen lying between the lateral horns of the buccal portion. The apical portion is widened 
out and lies in contact with the caudal surface of the body of the oral lobe for some 15 ( x 50) 
millimetres. The tissue of the neural lobe is continuous with the ependymal lining of the 
central canal of the neural tube. The floor of the tube is not convoluted as in the 12‘5 
specimens, but at the root of the infundibulum there are slight lateral pouches. These 
pouches extend beyond the root of the infundibulum, both rostrally and caudally. 

Rostral to the root of the infundibulum, the floor of the third ventricle projects from 
the surface of the neural tube and forms a flat plate in contact with the rostral surface 
of the oral lobe. 

The significance of this is quite obscure, and has not been noticed in any earlier 
specimens, but occurs also in a 2 6-mm. embryo. 

TRANS. ROY. SOO. EDIN., VOL. LV, PART I (NO. 6). 
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Other embryos of a stage of development similar "to S. o w e r c examined, but are not 
figured. These included embryos LL, PP, and NN of Professor Bolt’s collection, of 20 mm., 
21 mm., and 22 mm. length respectively. 

The condition in each was like that described here, and individual description is un- 
necessary. In particular, in each, the oral lobe showed a central ridge projecting from 
the lower part of the rostral surface, and an upturned lower margin, though in “ PP ” the crest 
was less well marked than in the other specimens. 



2 6-mm. Embryo, E 1 . (PI. I, fig. 4.) 


The model of this specimen viewed from behind recalls in its general form the adult 
hypophysis. There is an expanded oral lobe, measuring in the reconstruction (at 50 diameters 
magnification) 67 mm. in transverse width, 30 mm. in vertical height, while on each side 
from the upper border horn-like conical projections extend 30 mm. upwards by the side of the 
stalk of the neural lobe (infundibulum). The neural lobe is roughly pear-shaped, lies in a 
groove on the distal part of the buccal lobe, and has a short and wide stem connecting it to 
the floor of the third ventricle. The central cavity of this lobe is very slender and is obliter- 
ated in the stalk, reappearing irregularly in occasional sections lower down. 


Oral Lobe. — The rostral surface of the oral pouch shows a further degree of development. 
The lateral margins (PI. I, fig. 4, 2) are more turned inwards and the proximal margin 
(Pi. 1, fig. 4, 3) turned upwards. There is a nodular growth from the central part of the rostral 



30 -mm. Embryo. (PI. Ij fig. 5.) 

nstiuction of this at aO diameters enlargement the transverse width is 75 mm., 
te oral lobe in the middle line is 23 mm., and its sagittal diameter 16 mm. In 
u mlfcrs from those of former specimens, but the general form is the same. 

transversely, the lateral margins are incurved and 
v Ut tllcir « x ^vemities. The stalk has disappeared. The distal 

>. uv Uh.l ui tin* centre, terming a semicircular recess in whicli lay the neck 
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of the neural lobe. The neural lobe, pyriform in outline, extended downwards from this notch 
on the caudal surface of the glandular part. 

The proximal margin of the oral lobe is curved forwards and dorsally, forming a narrow 
lobulated band stretching across from one lateral margin to the other. 

There is again a distinct median crest, projecting forwards from the centre of the rostral 
wall to the upcurved lower edge. 

The model shows an appearance intermediate between the specimen* from « os rirm 01ir l 
from a 41-mm. embryo figured by Hochstetter (Tafel VI, figs. 17 and 18) 

The figure (PL I, fig. 5) shows the condition of the rostral surface with the thin lamina 



Pig. ll.-T.S. 30-mm. human embryo. Showing the partial obliteration in front and at the side? of 

cleft, the central mass, the anterior lamina, and the lateral masses. ' mtia *fe lan(mui 

A, intra-glanduiar cleft ; N, neural lobe. 


formed from the lower margin stretching across from one side to the other and attached 
to the central ridge. 

The figure also shows the deep lateral recesses on the rostral surface formed by the 
curving forwards of the margins. These contain connective tissue, which later on is almost 
completely enclosed hy gland tissue. 


40-tow. Embryo, R. R. (Professor Bolk’s Collection, Sagittal Sections.) 

The figure (text-fig. 12) shows the increase in size of the process which has grown from 

the proximal margin, for it now reaches almost to the floor of the neural tube (tuber cinerenml 

In the section" figured the “ central mass” is smaller than in the v nt „ V- +V " n ' 

in bin. sbbwun , i ue younger and m the older 

embryos. Comparison of this with a section of an embryo of the same length (Bryce 

collection) shows the amount of individual variation which may occur, for in Vis latter 

specimen the central mass is relatively very large. 


50 -mm. Embryo. (Bryce Collection.) 

, same parts are present, they are moi 

show no material difference from the condition in the former embryo of 30 mm 


In this specimen the same parts are present, they are more compressed together, but 
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Tarsius Embryo. Hubrecht Collection, No. 72. (PL II, figs. 6 and 7.) 

A reconstruction of the hypophysis was made at a magnification of 66 diameters, and in 
it the hypophysis measures S3 mm. transversely and 26 mm. in vertical height. 

The fig. 6 (PL II) shows the general shape. 

The neural lobe is attached by a rather thick stalk to the floor of the diencephalon. The 
oral lobe is completely cut off from the mouth cavity. 

There are several distinct differences between this specimen and human specimens of 
approximately the same stage of development (25 to 30 mm.) as well as older and adult human 
hypophyses. The neural lobe does not, as in man, lie in a recess on the caudal wall of the 
oral lobe, but invaginates the distal part of this surface and comes to be completely surrounded 
by the oral epithelium. Transverse sections show the neural lobe as a solid cylindrical mass 



Fig. 12 . Sagittal section 40-mm. embryo. Showing the anterior lamina 3> giving origin to the 
tuberal process which extends almost to the brain-wall. Nasal end to the left. 

N, neural lobe ; I, infundibulum (cavity of) ; G, intra-glandnlar cleft ; A, anterior lamina and 
tuberal process ; D, diencephalon. 

^3 ^ it 1 fin the intraglandular cleft of the oral lobe, invested on all sides by a thin covering 

of oral-lobe tissue (PL II, fig. 7). 

tt r ^ ie ot * ier striking feature is the presence of a large and well-formed “ lobus bifurcatus ” 
or “pars tuberalis" formed as follows : the proximal margin of the oral lobe is bent forwards 
in its central two-thirds, and passes headwards for some distance rostral to the body of that 
lobe. Ibis piocess is lobulated on the surface, and gives off on one side a small lateral branch. 
It then divides into two horns, right and left, which pass upwards and lie on each side of the 
mtundihular process. 

Plate II; fig. 7, shows the arrangement of the parts in transverse section. 
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DISCUSSION. 

Origin and Composition of the Oral Lobe. 

1. Early Stages. 

The accepted view of the origin of the oral lobe in man is that it arises as a single median 
depression in the roof of the stomodeum. The single specimen in my own collection which 
illustrates this stage corroborates this view and bears a close resemblance to a specimen of 
similar age described by Rudel. It seems probable, however, from the study of a later stage, 
that this single rudiment is in reality a composite one. The evidence of comparative embryo- 
logy indicates the presence of more elements than one in the oral recess. It has been shown 
by Gaupp that in Lacerta the oral lobe has a triple origin, and that it consists of three parts, 
a central and two lateral, opening separately into the mouth cavity, while later the portion 
of the mouth cavity into which they open is drawn up into the primitive rudiment, constitut- 
ing a “ Yor-raum.” In the chick, Rossi showed that the oral rudiment is composed of a central 
and two lateral parts, which open into the mouth cavity by a common canal. 

In Chiroptera, Weber recognised a median and two lateral parts, and showed that the 
lateral parts are centres for the formation of the glandular part, and that the median part 
does not take part in the process but atrophies. 

The condition in the 6-mm. embryo recorded here is of value in this connection. In it 
the oral pocket consists of a short central stem, from whose distal end there extend, two lateral 
pockets, indicating that the early rudiment in man, a single median pocket, represents a 
central and two lateral parts, which become distinct from one another as development proceeds, 
opening into the mouth cavity by a single orifice. Thus the development of the human 
hypophysis falls into line with that of reptiles, birds, and chiropters. This condition is, how- 
ever, temporary, for at the 8 -mm. stage the recesses are incorporated into a single chamber 
showing no differentiation of its parts. 

While the separate existence of these parts is lost after a short interval, the distinction 
remains, in so far as the lateral margins form, as will be shown, the principal source for the 
formation of the lateral parts, and the central part for that of the central portion of the adult 
oral lobe. 

2. Later Phases of Development. 

( 1 ) Stalk Formation. 

Tracing the parts played by the various portions, we can recognise, first, the division of 
the oral pocket into the stalk and the glandular portion proper. All that need be said in 
regard to this is that, after the 8-mm. stage, there is a definite diminution in the size of 
the proximal or root portion of the pocket, and a progressive increase in the width of the 
distal or apical portion. 

The change corresponds to the increasing density of the tissues round the root lead- 
ing up to the formation of the cartilaginous basis cranii. The further changes in the 
root portion need not be described in detail. They consist in a gradual diminution in 
the size of this structure, with obliteration of its lumen, and under ordinary circumstances 
this portion produces no “glandular” tissue such as is found in the fully developed 
hypophysis. 


138 DR DAVID WATERSTON ON DEVELOPMENT OF THE HYPOPHYSIS CEREBRI IN MAN, 

(2) Parts forming the Adult Oral Lobe. 

From the stage represented by the 12*5 -mm. embryo onwards there occur the 
developmental changes which lead to the adult form of the gland, and particularly notable 
are the changes in the oral lobe. 

Three portions of the original oral pocket are specially active in this process, and the 
parts derived from each of these centres appears to retain to a considerable degree its 

identity in the adult. . _ . 

These parts are the lateral margins, the proximal border (of the distal portion), and 

the central part of the rostral surface. 

1. The Lateral Margins .—These are regions of specially active enlargement, and their 
orowth occurs in sueh a way that the tip of the lateral margin turns rostrally and medially. 

At first the intraglandular cleft is continued forwards to the tip of the growing margin, 
but the cleft becomes obliterated in front by the adherence of the opposite sides to one another. 

These lateral margins are responsible for the formation of the “ lateral masses ” of 
the oral lobe. 

The curved medial surface of this growing portion is limited by connective tissue, 
which marks off the portion of the adult gland derived from this source, separating it 
from a central mass which may now be described. 

2. The Central Part of the Rostral Surface . — On the centre of this surface in the 
12 '5 -mm. stage there is a prominent ridge, the continuation upwards of the stalk of the 
gland. In the later stages this is represented by a mass or a nodule, especially distinct 
on the lower proximal part of this surface (PL I, fig. 3, 3 and fig. 5, 5). This nodule becomes of 
considerable size, and projecting rostrally it comes into contact with the third element which 
I have termed the anterior lamina. On each side of the central mass thus formed are the 
lateral masses, but, as has already been mentioned, there is a strand of connective tissue 
between the two elements. The central mass consists of glandular tissue in part, but with 
this glandular element there is also a certain amount of fine connective tissue derived from 
the thin layer which intervenes between the oral and the neural lobes. 

3. The Proximal Border forming the “ Anterior Lamina .” — -The successive growth 
changes which occur in this portion are shown in the models, Plate I, figs. 1, 3, 4, and 5. 

From these it is seen that from this margin there grows rostrally and towards the 
door of the brain, a thin lamina which stretches across from one side to the other, and 
joins the lateral masses to one another. This lamina becomes thicker, its margin 
at first is nodular and then papillary, and grows so far as to cover over the whole of 
the original rostral surface of the gland. 

As seen in the 40-mm. embryo, its margin extends as far as to the floor of the 
brain-wall (fig. 12). rostral to the root of the infundibulum. 
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Presence of a “Pars Tuberalis” in the Human Hypophysis. 

The term “pars tuberalis” was introduced by Iilney in 1911 to indicate a portion of 
the hypophysis which, he claimed, had not been previously described or recognised, and 
which possessed definite histological and embryological characteristics. 

Its distinctive embryological character in, for example, the cat is its formation from 
bilateral hollow tubercular outgrowths from the rostral surface of the oral lobe, at or near 
the junction of the proximal or stalk portion with the more distal part. 

“ It has its origin in two secondary diverticula or sprouts from the body of the pitui- 
tary sac. 

“These sprouts, the tuberal processes, ultimately fuse with one another across the 
median plane, displace the body of the pituitary sac ventral, and thus secondarily assume 
their juxta-neural position.” (Tilney, Internal. Monatsschrift, Bd. xxx, 1913, p. 286.) 

These sprouts appear at an early stage, while Rathke’s pocket is still in free com- 
munication with the mouth cavity. In the cat the outgrowth occurs while the oral lobe 
has very much the form and condition found in the 12‘5-mm. embryo figured and described 
before. The outgrowths occur from the sides of an anterior keel of the triradiate part 
such as is shown in Plate I, fig. 1. 

These outgrowths increase rapidly in size, are directed towards the distal margin of the 
pocket, fuse with one another, and again bifurcate to enclose the stalk of the neural lobe. 

Tilney gave to it the name “ pars tuberalis ” from the close relationship which it 
presents to the tuber cinereum on the floor of the diencephalon. 

While to Tilney must be ascribed the credit for the recognition and description of 
this element in the pituitary, yet it is clear that other workers prior to him had noted 
its occurrence in various forms. 

In 1905 Staderini (3) described as a “lobule de la tige” an outgrowth from the 
hypophysis towards the optic commissure, and the same part was recognised by Joris in 
1908. Bolk (ll), in his account of the hypophysis in Tarsius, recognised and carefully 
described as the “lobulus bifurcatus” a portion of the hypophysis which grew upwards 
and divided to enclose the stalk of the infundibulum. Herring (6), in 1908, mentioned 
the presence of a “tongue-shaped process” in the developing hypophysis, which appears 
to be the same structure as that described by the other writers named. 

Tilney’s “pars tuberalis” is clearly the same as the “lobule de la tige” of Staderini, 
the “lobulus bifurcatus” of Bolk, and the “tongue-shaped process” of Herring. 

Woerdemann’s (9) important paper in 1915 deals fully with this part of the gland in 
many of the vertebrates, and using Bolk’s terminology of “ lobulus bifurcatus,” he shows 
the variations and significance of this element in different forms. 

The “ lobus tuberalis” has been identified by other writers, by Baumgartner (5) in fishes, 
reptiles, and amphibia ; by Atwell (8) in the rabbit, and by Miss Parker (7) in marsupials. 

Bolk has shown that the “lobus tuberalis” is a prominent element in the developing 
hypophysis of Tarsius spectrum. Woerdemann figures some specimens of the hypophysis in 
Tarsius embryos, and 1 have above described and figured another specimen. 

In this, as in other specimens of Tarsius, the “ lobus tuberalis ” originates from a 
single lamina, the “corpus lobus bifurcati,” and divides into a fork enclosing the stalk of 
the neural lobe. 

In the human embryo the process which gives rise to this part is somewhat different. 

The beginning of a new formation is shown in embryo S. Ill, Plate I, fig. 3. In this 
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specimen the distal portion of the pocket has no longer the leaf-shaped form found in the earlier 
specimen (fig. l), of which the wide distal part of the pocket narrows gradually to the stalk. 

The stalk has become distinct from the glandular part, and the proximal margin of 
the glandular part lias widened out and is turned rostrally. 

PL II, figs. 4 and 5, show later stages of the process, by which a thin lamina of 
epithelial tissue is formed, stretching across from one thickened lateral margin to the opposite 
one, and covering over a thickened central mass on the rostral surface of Hath he s pocket. 

The margin of this lamina is lobulated, and it gradually extends distally towards the 
floor of the neural tube. 

In none of the specimens up to 30 mm. does this margin actually reach to or surround 
the infundibulum. The essential feature, however, of a pars tuber alis ” does not lie in 
its close apposition to the tuber cinereum, but rather in its developmental and structural. 



Relation to the Structure of the Adult Oral Lobe of these 
Developmental Elements. 

rwwverse section of the adult hypophysis shows the arrangement of the central and 
eral masses, and the connective tissue in relation to them (Pis. II and III, figs. 8 and 9), 
corresponds to the embryological account given above. • ' 

‘ lol,e V ietC 58 0U eacli sWe a central core of connective tissue, containing blood- 

;m« iroui each core there can he traced a thin layer of connective tissue spreading 
owams the connective tissue in the middle line between the neural and the oral lobes. 
Imre are thus marked out in the oral lobe three areas, a central and a lateral on each 


characteristics. 

The origin of this part is dissimilar from that of a characteristic “ pars tuberalis,’' such 
as occurs in the cat, in that it does not arise as two separate and distinct buds, but, at the 
same time, the lamina from which it develops originates from the junction of the stalk 
with the gland proper. In Tarsius, moreover, the root of the “ pars tuberalis,” as shown in 
the model, fig. 6 (PL II), is a continuous lamina, comparable in its position and form to the 
lamina found in the human embryo S. III. 

I have not been able to determine any histological characteristics which differentiate it 
in structure from the parts formed from the lateral lobes, but the developmental evidence 
points clearly to the presence in the human hypophysis of a thin “anterior lamina” which 
represents the “ pars tuberalis ” as found in Tarsius, but is much smaller. 

In none of the human embryos which I have examined have I been able to recognise 
such “ tuberal sprouts” as occur in, for example, the cat. 

The only structures which bear a resemblance to such sprouts are the nodules shown 
on the margin of the “ anterior lamina ” in PL I, fig. 5, from an embryo of 30-mm. length. 

This is a stage of development considerably more advanced than that at which in the 
cat these processes appear, or that at which the “ pars tuberalis ” appears in Tarsius. It 
seems probable that the thin “anterior lamina” is the part of the human hypophysis which 
represents the “ pars tuberalis ” of these forms. 

Reference to the model, from a 12‘5-mm. embryo, in Plate I, fig. 1, shows that 
there are no “ tuberal sprouts,” but at the distal end of the prominence of the stalk there is 
a projection, rounded and bulging from the rostral surface. This marks the site from which 
the central part ol the thin “anterior lamina,” and possibly also that from which the 
“ central mass ” arise later. 
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side. In many specimens there can be detected a slight difference in the staining reactions 
of the central and the lateral parts, the lateral parts being more eosinophile and the central 
more basophile. The section (PI. Ill, fig. 9) shows also in the human hypophysis the absence 
of the intraglandular cleft, and, as a result, the absence of a distinctive “ pars intermedia 

such as is present in the majority of the lower mammals. 

The neural lobe, which as a rule shows no central canal, but which may contain spaces 
of some size filled with “ colloid ” material, is at each side separated from the oral lobe by a 
thin layer of connective tissue, in which there are small spaces, lined by epithelium. I he 
adjacent layer of the oral lobe stains more deeply with hematoxylin than does the rest, and 
also contains small spaces containing a homogeneous material which with . hematoxylin 
and eosin is of a bluish colour. Near the middle line the connective tissue is thicker, and 

contains many spaces filled with “ colloid. _ . . , . ir 

In conclusion, the adult epithelial lobe of the hypophysis comprises, embryologica y. 

the following elements : — „ , . . . , ... 

(1) Lateral portion formed by the curving forwards and medially of the lateral margins 

of ltatlike’s pocket. The cavity of Rathke’s pocket disappears early from these masses. 

• The bending round of the lateral margins enclosed a core of connective tissue, and through 
the union of the lateral with the thickened lower margin the connection of this core with 
the exterior is limited to the distal surface of the gland (upper surface of the human adult) 

(2) A central portion of variable size, derived from a thickening of the epithelium of t ie 
central portion of the anterior wall of Rathke’s pouch. This portion, intervenes between 

(3) There is, in addition, on the anterior surface and connected to (2), a thin amma 
derived from the lower margin of the gland which grows upwards and connects together the 

lateral lobes in front of the central nodule. , , > ., • 

This part probably corresponds to the “ pars tuberalis, but is much smaller than in 
those other forms in which it has been recognised. It does not as a rule m man extern as 

far as to the infundibular stalk of the neural lobe, 

(4) The intraglandular cleft disappears by fusion of the opposite _ walls, and the rostral 
surface of the neural lobe is not, as in other forms, invested by a special layer of epithe mm, 

the ' l pars intermedia.” . , ,, . , 

The section of the adult gland in Plate HI, fig. 9, shows that m the site of the mtra- 
glaudular cleft and “pars intermedia” there are numerous follicles lined with low columnar 
epithelium, filled with “ colloid” material, which stains with eosin. . ' 

’ There are also smaller follicles, lined with epithelium, which contain a granular material 

which takes the haunatoxylin stain. 


The Neural Lore. 

Up to embryos of the 6-mm. stage there is no evidence of the formation of a “neural 
lobe of the hypophysis, and the first indication of its development appears at the 8 -mm. stage. 

The neural lobe of the hypophysis occurs in all vertebrates with the exception of the 
ohismobriUioh fishes ir. whom, » was pointed out by dim there is no infundibular lobe. 

Herrino has pointed out, however, the presence in theme! an mfimdibular canal, into 
Which there opens on each side the orifice of t he “ sac. ms vaseulosus.” " ‘ ' 

He has further shown that the saccus vaseulosus arises in them comparatively early by 
the outgrowth of the wall of the cerebral vesicle on either side. 
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ma „, the formation of the neural lobe is usually ascribed to a simple evagination of 

£1 ^"' TtSta specimens here described shows, however, that the develop- 

"'"'Vhe' evHencr which they afford is consistent, and shows that, in man, the origin of the 
,1 i 0 be involves a long area of the iloor of the diencephalon, extending backwards foi a 
lerable distance from behind the region of the ckiasma. In this area there * a central 
:ening and rapid growth of the floor of the diencephalon, producing a thickened udge 

convex surface projects into the lumen of the neural tube. 

side of the central ridge is a slit-like recess, which is more than merely the 
by the side of the ridge, hut forms on each side a distinct evagination 


ne ura 
eonsi' 
tide 

whose inner 
On each 

marginal depression 
towards the exterior 

The external central projection 
the lateral pockets, 

8-xnxn. embryo, wl 
recognised when 

In the 12 '5 -mm 
with lateral slit-like pockets. 

As the infundibular projection increases 
In searching for an explanation of this condition, it occurr 

may have some relation to the “ saccus vasculosus ” i 

other forms. 

The resemblance is not identical, for the “ sacci vasculosi 
longations of the median “ saccus infundibuli, 
wall of the infundibular lobe, 
appears as an outgrowth of the cerebral wall on e 

In the 8 -mm. embryo described (fig. 6), if this view 
true “ infundibular funnel,” and the lateral pockets 
seating the lateral “ saccus vasculosus 

In the 12‘5-mm. embryo the triple recesses are very 
lateral recesses are relatively small, and do not form a projection on the exterior. 

Chiakugi (13) has identified a portion of the posterior floor of the diencephalon 
and of the process of the infundibulum, possessing a nodular outline, as representing in 
mammals a rudiment of the “saccus vasculosus,” but he has not shown the grooves and 
the folding of the floor in this region which are demonstrated in this paper in the human 
embryo. - , : ■ 

The tissue forming the infundibular lobe is continuous with the ependymal layer of the 
neural wall, and resembles it in its staining reactions. 

At first this lobe is hollow to its end, but the cavity is irregular in outline and commonly 
is obliterated in the older specimens. The Tarsius embryo shows complete obliteration of 
the central lumen where the infundibular region is enclosed by the oral lobe. As the infundi- 
bular lobe grows out, it comes to lie on the distal margin of Rathke’s pocket, and passes 
on to the caudal wall of that cavity. 

The lateral margins of the distal border increase and invest the sides of the neck of the 

infundibulum. 

These appeal’, iu man, to lie the source of the glandular tissue found frequently around 
g, the stalk of the adult neural lobe. In other forms, this investing layer is derived from the 


which marks the neural lobe lies m tiie mam caudal to 
3 . The condition here described is particularly evident in the sections of the 
rhieh are cut transversely, and in the 12‘5-mm. specimen. It is not readily 

the sections are in the sagittal plane. 

embryo there is a long central ridge in the floor of the cliencephalon 

the lateral pockets become less distinct. 

red to me that the lateral recesses 
found in selachian fishes as well as in 


are stated to be lateral pro- 
and open by a median orifice on the dorsal 
Herring states that in selachians the “ saccus vasculosus 
aeh side (of the infundibulum). 

be correct, the central recess is the 
on either side of it are recesses repre- 
outgrowths of the selachians. 

clear, central, and lateral, but the 
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upgrowing £ ‘ pars tuberalis ” (Woerdemann). In Tarsius, the neural lobe invaginates the caudal 
wall of the oral lobe, and is completely invested by it. 

This condition does not occur in man. 

Summary and Conclusions. 

Study of the development of the human hypophysis brings out the following conclusions : 

(1) The oral lobe appears as a single median depression in the root of the stomodeum. 

This single depression, however, alters in shape and forms a central stem with two 
lateral horns, which probably represent the central and lateral chambers described 
in reptiles. This stage is transitory. 

(2) The proximal portion of the oral outgrowth is transformed into the stalk, while the 

distal portion above gives rise to the epithelium of the oral lobe of the hypophysis. 
Three parts can be recognised in this, a lateral on each side, a central, and a thin 
anterior lamina, and their origin is as follows : — 

(a) The lateral margins of the oral pocket form the lateral parts. 

(b) The central part of the rostral surface forms a cone or plate of tissue interven- 

ing between the lateral lobes. 

(c) From the proximal margin an outgrowth takes place which forms a “ pars 

tuberalis,” ultimately represented by a thin lamina on the rostral surface of 
(b) uniting the lateral lobes. 

(3) The caudal wall of the oral lobe for a time invests the adjacent surface of the neural 

lobe and forms a “ pars intermedia,” separated by the intragland ular cleft from 
the anterior lobe proper. 

(4) The intraglandular cleft disappears at an early stage on each side in the “lateral 

parts,” by fusion of the opposite surfaces, and later on disappears almost completely 
centrally. 

(5) There is in the adult human hypophysis no definite “ pars intermedia” and no distinct 

intraglandular cleft. 

The oral and neural lobes are separated by a thin connective tissue, in whose central 
part are numerous follicles containing colloid or a granular material. 

(6) The neural lobe represents, not only a median unpaired outgrowth, but also contains 

the rudiments which represent the bilateral “ saccus vasculosus” of elasmobranch 
fishes. 

I have to express my thanks to Professor Bryce of Glasgow University for the opportunity 
of examining and reconstructing the hypophysis in a 30-mm. embryo, and of examining 
sections of embryos of 40, 50, and 90 mm. length of his collection ; to Dr R. J. Gladstone for 
similar use of his sections of a 10-mm. embryo ; to Professor Bolk of Amsterdam for the 
invaluable privilege of examining his large collection of sections illustrating the comparative 
embryology of the hypophysis, especially its development in Talpa ; to Dr Ariens K a peers 
for similar privileges of examining material in his Laboratory ; and to Dr dk Lange for the 
use of suitable material from the Hubrecht Erabryological collection in Utrecht. 

Part of the expenses of the preparation of this paper have been borne by the Harvey 
Hadden Research Fund in Anatomy and by the Anstruther of Charlcton Memorial Fund of 
the University of St Andrews. 
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EXPLANATION OF PLATE FIGURES. 

Plate I. 

Fig. 1. Wax plate model of hypophysis of 12-5-mm. human embryo. Magnification of model, 100 diameters. 
Rostral view of the oral lobe. 

Fig. 2. Transverse section of oral and neural elements from the same embryo as fig. 1. 

1. Central internal ridge in floor of diencephalon. 

2. Infundibular process 

3. Lateral neural recess. 

4. Cavity of infundibulum. 

5. Cavity of oral lobe (intragland ular cleft). 

Fig. 3. Wax plate model of hypophysis of 20-mm. human embryo. Magnification of model, 50 diameters. 
Rostral view of the model, showing the infundibular recess in the floor of the third ventricle. 

L Orifice of the infundibulum. 

2. Lateral margin; 3. central mass; and 4. thickened proximal margin, which later forms the “anterior 
lamina ’* of the oral lobe. 

Fig. 4. View similar to fig. 3 of wax plate model of hypophysis of 26-mm. human embryo, x 50. Parts as in 
fig, 3. The central mass is covered by the anterior lamina, 

L Orifice of the infundibulum in the floor of the third ventricle. 

2. Thickened lateral margins, turned towards rostral surface, and continued into the bent proximal 
margin. This has turned distally, and covers the “central mass” at 3. 

Fig. 5, Similar view of a wax plate model of the hypophysis of a 30-nmn human embryo, oral lobe only, x 50. 

L Recess on distal border for the neural lobe. 

2. Lateral mass. , A L;- vL ' : A a- " :.C\ p vA-A-A 

3. Anterior thin lamina. - ■ 

4. Central mass from rostral surface. 

5. Nodular projection of maram of the anterior lamina. 


Plate II, 
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Fig. 7. Transverse section of the hypophysis in a Tarsius embryo, showing the neural lobe completely invaginated 
into the interior of the cavity of the oral lobe. The section shows also the pars tuberalis, P.T.l, and an offshoot from 
it, P.T.2. P.L., lateral mass. P.N., neural lobe. P.I., layer of oral lobe investing the neural lobe. L, intraglandular 
cavity of the oral lobe. Magnification, x 125. 

Fig. 8. Transverse section of the pituitary fossa and of the human adult hypophysis in situ, to show the lateral 
cores of connective tissue, the central mass between them, and the lateral masses on each side, also the absence of an 
intraglandular cleft and of “pars intermedia.” Rostral (anterior of adult) surface above. 

A, cavity of sphenoidal sinus. 

B, connective-tissue investment. 

C, central mass of the oral lobe. 

I), core of connective tissue. 

E, lateral mass of oral lobe. 

F, nodules of colloid. 

G, neural lobe. 

H, lymph space in the periglandular connective tissue. 

K, dorsum sella! of the sella turcica. 

Plate 111, 

Fig. 9. Central portion of a transverse section of a human adult hypophysis, showing the central and lateral parts 
of the oral lobe, the absence of the intraglandular cleft and “pars intermedia,” and the neural lobe. 

A, central mass. 

B, core of connective tissue, between central and lateral masses. 

C, lateral mass. 

I), neural lobe. 

E, thin connective tissue, Arc., between the two lobes. 


ADDENDUM. 

In a paper which was published while the foregoing paper was being completed, Atwell (American Jo am. of 
Anat., vol. xxxvii) describes and figures a series of human embryonic hypophyses. Dealing with the origin of the “pars 
tuberalis,” lie figures a reconstruction from an embryo of 14-nim. length, which in its general form closely resembles 
that from a 12‘5-mm. embryo figured here. 

On each side of the lateral margin at the root of the stalk he describes a small nodular projection, which he 
considers to be the rudiment of the “pars tuberalis,” and shows its presence also in embryos of 16 and 17 mm. length. 
He terms it a “ thin epithelial shelf.” 

The D2*5-mm. embryo reconstruction figured here does not show a definitely recognisable separate nodule such as 

is present in his •specimens. 

The “ thin epithelial shelf ” of his specimens appears to be the same as what I have here described as the “thin 
anterior lamina,” springing from the lower border of the proximal portion of the glandular part of the oral pocket. 

Other questions dealt with in this paper are not mentioned by Atwell. 
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yil. The Igneous Geology of Ardsheal Hill, Argyllshire. By Frederick Walker, Carnegie 

Teaching Fellorv, St Andrews University. (With One Plate and Two Text-figures.) 

(MS. received October 23, 1926. Read December 6, 1926. Issued separately February 21, 1927.) 

Ardsheal Hill is situated in Argyllshire amidst country of great petrographic interest. It 
is easily reached by road or rail, for it overlooks the main road from Oban to tort 
and is under 2 miles from the station of Kentallen on the Ballachuhsh Branch of the L.M.b. 
Railway. The area considered in the present communication is bounded by Loch Lmnfae 

on the west and on the east by the above-mentioned road. . q „q . , rm 

-Ardsheal Hill summit, which is the culminating point, reaches a height of 863 feet. 1 
higher slopes of this hill are mainly peaty moorland, but farther down they are tree-clad, 
particularly to the north-west. Exposures occur for the most part on rocky knolls, 01 m 
stream-sections, while one intrusion has been laid bare by wave-action on the shore 

The igneous rocks of the area range from subacid to ultrabasie, showing great diversi y 
of types, especially in the small complex which forms the summit of the lull. ^ these types 
may be referred with some probability to the Lower Devonian igneous activity which was so 

pronounced in the surrounding district. _ , .. 

A list of the rock types recorded on Ardsheal Hill is appended below . 


Grauodiorite. 

Granophyre. 

Quartz-porphyrite. 

Hornblende-porphyrite. 

Plagiophyre. 

Camptonite. 


Augite-diorite. 

Appinite. 

Kentallenite. 

Olivine-basalt. 

Hornblendite. 


All these types are represented in the summit complex, with the exception of the first and 
third. 

Previous Investigation. 

Ardsheal Hill itself has received but scant attention from petrologists, although many 
neighbouring areas have had their igneous geology described in great, detail. The type 
occurrence of kentallenite, for instance, is only a mile to the north-east. Ilie late 'Mr J. b. 
Grant Wilson was the first to note the presence of augite-diorites on Ardsheal Hill, while 
some years" later Mr E. B. Bailey, writing on the augite-diorites of the district, mentions 
that ‘‘The more dioritic facies with only very subordinate orthoelase are represented by a 
specimen from Ardsheal Hill.” f He also records the presence of “a small quantity of inter- 
stitial quartz and alkali felspar in the augite-diorites of Budha Mor and Ardsheal Hill. + 
in the earlier instance the view is taken that these augite-diorites are merely basic modi- 
fications of the magma which has produced the larger granite-masses of Ballachuhsh and Ben 
Nevis.” These diorites are said by Messrs Hill and Kynaston to resemble strongly the 
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• r -x , nt man qw * Sir John Flett lias also commented on the affinities of the 
X i « S X masses associated with the Ontaehau gntnh e.f 

So e reara ago the present miter noted the great divers, ty o» rock-types on Ardsheal 
Hill Z an investigation was nndertaken later in collaboration wrth Mr A. M. Oockbukn, 
ZZ which the area was re-mapped, many interesting poults being discovered. 1 he results 
„t h ° preliminarv investigation were embodied in a short paper winch is published m abstract 
in the' TmmoMom of ike EUnburg k Geological Society. The investigation was recently com- 
nleted bv the author, and the results are made available in the present communication. 

The imieous rocks of the Ardsheal area are all intrusive and, with the exception of a few 

° dyke-like occurrences of porphyrite, 

TZZ Zj _ are plutonic, having the form of 

Jf J / " small bosses. They are intruded 

pr X into the following metamorphic 

, X / '. • Wry X series: — 


hill 


\ /:A ; : Cuil Bay Slates. 

0 ° _A I AbaLlAchLuShT A PP in Ph y UiteS - 

* I X: A granite :X* Appin Limestone. 

J§ « . 1 : • ; •'•••: : . : •' f Appin Quartzite. 

/ aro&heaiJP * * i '*••■*> 

Except in the case of' the augite- 
/ # <zA ' ;A •'L0L diorite intrusion of Budha Mor, 

V/ these metamorphic strata are 

/ # affected at their junctions with 

H the Ardsheal intrusions by the 

<|||) metamorphic aureole of the Bal- 

t lachulish “granite.” The contact 
metamorphism round this large 
PAi | intrusion has greatly obscured 

^jGWkMiTt t tliat caused by the smaller igne- 

BI.Nm l.oNs ° -h-JL £ ous masses of Ardsheal. The 

Fra. 1.— Sketch Map showing basic intrusions round Baflachulisk Granite. metamorphic aureole of the Bal- 

lachulish “granite” has been fully 
described with other neighbouring ones by Mr E. B. Bailey.! 
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Summit Complex. 



The most important intrusion to be dealt with is the complex forming the summit of 
Ardsheal Hill. It covers quite a small area measuring 600 yards N.S. by BOO yards E.W.,§ 
and stands out prominently from a boggy plateau just below the 800-feet contour. In spite of 
it sin Ul size, however, it contains no fewer than nine rock-types. 

Petrography op Summit Complex. 

Tile hulk of the summit complex is made up of a rock consisting essentially of augite, 
olivine, and plagioelase, with variable amounts of orthoclase and biotite. This type shows 

* Of . QJi ., 1 W, p. 547. t Mem . Oeol. Survey, Dalmally District, 1008 , p. 91 . 

t Mm. CM, Sumy, Sheet 63, pp. 187-201. ■■ 

^ to this Intrusion on the Geological Survey maps appears to err on the generous side. See large scale 

map, p. MM), 
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many textural modifications which appear to be intimately related. The most striking of 
these is undoubtedly a black olivine-basalt occurring chiefly in the low cliffs S.E. of the summit. 
Augite in large phenocrysts and smaller grains of green olivine are the only constituents 
visible in the hand-specimen. Under the microscope the large augites are equally prominent, 
but are seen to be composite for the most part; lamellar twinning is also common. This 
pyroxene is of a pale green colour, showing well-marked zonary banding, especially under 
crossed nicols, and has a maximum extinction angle of 43°. Individual crystals are usually 
idiomorphic and extremely variable in size, the mineral making up about 15 per cent, of the 
rock. Well-formed crystals of olivine are also conspicuous, and while likewise variable in 
size are seldom composite. Black reaction rims of magnetite render them particularly 
prominent, while the interior of the crystals is frequently crowded with minute rod-like 
inclusions of magnetite, giving the mineral a brownish-grey colour as in the kentallenites. 
Olivine does not amount to more than 8 per cent, of the rock. The groundmass is composed 
of felspar and tiny crystals of magnetite. The bulk of the felspar is an acid labradorite 
occurring in small laths of variable size, but there is a good deal of cloudy interstitial ortkoclase 
present. The rock was analysed by Mr W. IT. Herdsman, and the result show's clearly its 
strong affinity to an ortboelase-oli vine-basalt from Taynuilt analysed by Mr E. G. Hadley. 

In places the rock becomes considerably coarser, biotite making its appearance. This 
mica is markedly pookilitic even in the hand-specimen, and a similar relationship between 
augite and olivine comes into evidence. The rock may then be classed as a porphyritic ken- 
talienite, having, indeed, a very strong resemblance to the kentallenites of Balnahard * and 
Glen Orchy.f All gradations from porphyritic kentallenite to orthoclase-olivine-basalt may 
be seen, the augite retaining its well-marked porphyritic character throughout; but the ken- 
tallenite is confined to the southern half of the complex. The olivine is usually quite fresh 
in the basalt, but in the coarser modifications it is more often weathered to magnetite (generally 
marginal), carbonates, and chloritic substances. The augite and plagioclase are in good pre- 
servation, but the orthoclase is nearly always cloudy. Close to the actual summit a rock is 
seen which, although it show's a resemblance to the porphyritic kentallenite, is much more 
decomposed and poorer in olivine and orthoclase. Epidote and carbonates are conspicuous 
decompos'd ion products in ibis rock, which is probably to be correlated with the augite- diorite 
referred to by Mr Bailey. $ 

To the north and west of the hill hornblende makes its appearance prominently, the rocks 
in this portion being for the most part appinites. Sehlieren with modifications of widely 
differing texture are conspicuous, while the relative proportions of felsic and mafic minerals 
are also extremely variable. Home modifications are quite light in colour, containing only 
20 per cent, mafic minerals, but others are made up almost entirely of hornblende, being in 
fact typical liornblendites like those of 0olonsay.§ The hornblende crystals are here very 
large, measuring up to an inch in length. A typieal appinite containing between 60-70 per 
cent, amphibole is seen under the microscope to consist essentially of stout idiomorphic 
needles of greenish-brown hornblende, with pleochroism X olive-green, Y yellowish-brown, 
Z greenish-brown, and a maximum extinction angle of 20°. This amphibole appears to 
decompose lo a greenish variety and frequently contains small sharply- defined cores of 
colourless pyroxene. Twinning is common in the hornblende. The only other ferro-magnesian 
constituent present is biotite, which forms 1-5 per cent, of the rock and is usually enclosed 
by amphibole. A few small crystals of sphene may occasionally be observed. The felsic 

* Mem. (hoi Survey 9 ( Jolanmy , 1911, pi. vi. f Him, a.nd Kyn aston, Q.J.G.S 1900, pi. xxv, 2. 

± Loc . cil § Mem. Geol Survey , Colonmy, 1911, p. 29. 
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minerals, which occur interstitially, consist of strongly zonal tables of basic plagioclase (mainly 
andesine-labradorite) which are idiomorphic towards a subordinate amount of orthoclase 
and quartz. These last minerals are usually in micrographic intergrowth. Magnetite, pyrite, 
and apatite are sparse accessories, together making up about 1 per cent, of the rock. 

In the more acid modifications the f elsie minerals are much decomposed, but have 
apparently similar composition, the same being true in the more basic varieties which grade 
into hornblendite. A chemical analysis of a basic appinite with about 80 per cent, mafic 
minerals has been made by Mr W. H. Herdsman, and is discussed below. The above horn- 
blendic rocks show many points of similarity to the diorites and hornblendites of Garabal Hill.* 



“ hwil « intrusiona *« of Ardsheal Hill. Letters on Summit Complex indicate 

dominant rock-types at various points. 

in the southern portion of the complex another type of appinite is encountered and may 
he seen in contact with the surrounding schists against which it shows an almost unchilled 
me r'l f US r ° C K ' essentially of large needles of brown hornblende, without 

The amnhihoh^r'f **"*„ *',”? !L 5"*? matr * x 0| - plagioclase felspar and micropegmatite. 

0 2 ™r Ln J >T I ?, nMd ’ ha l “ “““ 6xtin0tion angle » f 17 °. “i 

wlhA much mi. ehTf , (I T g ™ undma8s is lar S 6 ly decomposed, bnt the plagioclase, 
epidote is vtr d . hnn h<> ““““Pegmatite, appears to be labradorite. Green 

r°l“ oTLfTT T r * mmtim as ag8regates of radiating needles ’ while 

witt the Vmali aba, * d “‘ a “ ess °T In l )lae “ thi8 mk forms curious hybrids 
kt.iitallemte magma, which will he considered later. 

Wyub and wSoott, Geol Mag., 1913, pp. 536-7. 
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About 75 yards S.W. of the summit a dyke-like mass some 3 feet broad is exposed for a 
small distance and is seen to be intrusive into both appinite and orthoclase-basalt. M hen the 
thin, light-coloured crust is broken off, the dyke rock is seen to be almost black in colour. It 
is fine-grained, but contains conspicuous phenocrysts of hornblende. Under the microscope 
this amphibole is found to agree in all its properties with the brown hornblende of the second 
type of appinite described above. Although such a conspicuous constituent, it does not form 
more than 7 per cent, of the whole rock. Plagioclase felspar occurs porphyritieally in equal 
abundance, but is too much decomposed for determination, although in the freshest sections 
it appears to be andesine. Phenocrysts of partially cliloritised biotite are of sparse occurrence 
and are sometimes completely absent. The groundmass, if considered separately, shows a 
marked resemblance to rocks described by Dr G. W. Tyrrell * and Mr J. W. Harris f 
as plagiophyre, and by Mr J. W. Lunn J as malchite. It is formed of small laths of plagioclase 
felspar (mainly andesine) with quite subordinate quartz and partly cliloritised biotite. The 
rock may be classed as a hornblende-porphyrite, but in some sections both hornblende and 
porphyritic plagioclase are entirely absent, giving us plagiophyre or malchite. Both these 
names have disadvantages. The name “plagiophyre,” like “orthophyre,” should imply 
marked porphyritic texture, while “malchite” should indicate microdioritic texture. The 
rock in question fulfils neither of these conditions, but the terms “orthophyre” and, more 
recently, “plagiophyre” have been so often employed for non-porphyritic rocks that the 
abuse has come to be tolerated. The former name, i.e. plagiophyre has therefore been chosen 
for the Ardsheal rock, with the hope that some better way out of the difficulty may soon be 
found. Sometimes, however, hornblende, instead of failing altogether, occurs locally in 
sufficient abundance to warrant the inclusion of these basic patches among the lamprophyres. 
Here, again, a difficulty of nomenclature is encountered. Camptonite at once presents itself 
as the name for such a type, but this term is best retained for rocks with alkaline affinities, 
the colour of the amphibole often being taken as a criterion.§ The brown hornblende of the 
Ardsheal occurrence is quite different in colour from the greenish-brown amphibole of most 
Lower Devonian lamprophyres, and the name “camptonite” is accordingly applied to the 
rock in spite of the somewhat calcic nature of the groundmass. The normal porphyrite 
facies of this dyke-like intrusion has been analysed by Mr W. H. Herdsman. 

To the N.E. of Ardsheal summit, where the complex emerges from the peaty plateau, 
there is a small but well-marked offshoot from the main mass. This prominence is made up 
of a medium-grained, non-porphyritic rock of a pinkish-grey colour with much green chlorite. 
Under the microscope the rock is seen to be composed essentially of large well-formed crystals 
of acid plagioclase. These make up about 75 per cent, of the rock and are embedded in a 
matrix composed mainly of micropegmatite. The former presence of hornblende and biotite 
is indicated by large pseudornorphs in chlorite: occasionally, however, biotite occurs fresh 
in large hexagonal plates. Magnetite is a frequent accessory, while secondary calcite is 
abundant. The relationship of the plagioclase to the micropegmatite, their relative propor- 
tions, and the texture of the whole rock are all reminiscent of the Bowden Hill type of quartz- 
dolerite. The rock is termed granophyre, but it is, unfortunately, much too decomposed for 
chemical analysis. Farther down the hill to the N.E. there is another small mass of granophyre 
which may be a, continuation of the offshoot described above. 

* Trans. Glasgow Geol. vol, xv, pt. i, p. 77. 

t Geol May., 1.926, p. 95, 

t Trans. Edin. Geol. Soc, 9 1925, p$>. 383-85. 

§ Mem. Geol. Survey, Sheet 53, J 016, p. 157, ... 
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Mutual Relationship of the Various Types. 

It will be seen from what has been written that we have a great many rock-types occur- 
ring within an area of X V square mile. To determine adequately the mutual relationship of 
all these types, one would require unusually perfect exposures. Those on Ardsheal Hill are 
only moderately good, and much uncertainty arises in consequence. There is, however, 
little doubt that the kentallenite and appinite groups with their various modifications are the 
oldest in the summit complex as well as the most abundant. The tv T o types are intimately 
associated, frequently forming contiguous schlieren, the same being the case with the textural 
and mineralogical variations of each type. These schlieren show sharp junctions which are 
usually unchilled, although occasionally there is slight chilling of the hornblendic varieties 
against the pyroxenic. 

There are, however, two types of appinite in the summit complex. The type with green 
hornblende has been already considered, but that with brown hornblende must be treated 
separately. This type occurs sparingly in the southern portion of the complex alone and is 
very frequently commingled with the augitic types. Thus in a single section we may have 
as ferro-magnesians, in one part large, abundant crystals of augite without hornblende, and 
in another equally abundant brown hornblende without pyroxene. The granophyric matrix 
of the appinite has wormed its way between the augite crystals and has apparently given rise 
to amphibole in places by reaction with the pyroxene. The impression gained by examination 
of these hybrids is that the hornblendic magma penetrated into the augitic while the latter 
was still hot. There cannot, therefore, be much difference in age between the two types 
of appinite if this is the ease, the evidence making both slightly later than the kentallenite 
magma. The matrix of the appinite with brown hornblende is more alkaline than that 
of the appinite with green, a circumstance which may possibly have some connection with the 
differences of colour in the two amphiboles. 

The banding of the varieties containing green hornblende is very striking, the changes 
in composition and grain being exceedingly abrupt, especially at the extreme north of the 
complex. At this point the variety of type and texture is comparable with that in some 
of the teseheuitic sills of the Midland Valley of Scotland (e.g. Inchcolm * and Barshaw Park t), 
or with the handed gabbros of Skye. It is probable that here also the structure is due to 
“fluxion in a magma which was heterogenous at the time of its intrusion.” There can be 


little doubt that both main types originated from the same magma-basin, and the change 





from a pyroxeme to a hornblendic facies may possibly be attributed to, the migration of 
aqueous or other iluxes produced, during crystallisation, in increasing concentration in the 
liquid portion of the magma. In the appinltes the large hornblende crystals with their 
cores of augite show that the range of molecular stability of the pyroxene was exceeded and 
amphibole produced, possibly by the interaction of pyroxene and magma when the latter 
became enriched in fluxes. I he large amount of combined water in the fresh appinite analysed 
b noteworthy in this connection. 

lasting next to the granophyre, we find no visible junction with any of the other types, 
but the external form of the offshoot seems to indicate that it is intrusive into the main mass. 
I he, granophyre Mm perhaps, represent in bulk the residual magma of the appinite with 
brown hornblende, the felsits portion of which it strongly resembles. 

. '' • ' * 'Uwmm. and SmuousK. Min. <k«t, Soo., 1908, pp 123 130 

. , t Twsiuii.1., fiM. Mag., 1915, p. 305. ' ' ’ 
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In the ease of the hornblende-porphyrite and its two mineralogical modifications, the field 
evidence is fortunately very clear. The dyke-like mass shows well-marked chilling against 
members of the appinite and kentallenite groups and is therefore unquestionably younger 
than either. The question of the relative ages of the porphyrite and granophyre must, 
however, remain a matter of doubt, but the author is inclined to regard the porphyrite dyke 
as the younger, for it probably belongs to the latest or liypabyssal phase of Lower Devonian 
igneous activity, while the granophyre is of plutonic habit and texture. The minor intrusion 
has a N.E.-S.W. trend like most other dykes of Lower Devonian age in the district. 

The sequence of rock-types in the summit complex is, therefore, given as follows: — 

(1) Olivine-basalt— kentallenite. 

(2) Appinite= hornblendite. 

(3) Granophyre. 

(4) Hornblende-porphyrite— plagiophyre==camptonite. 


Age and Affinities. 

Three of the four main types above have been analysed by Mr W. H. Herdsman, and 
the results show all three to have unmistakable affinities with other Lower Devonian igneous 
rocks in Scotland. 

The analysis of the orthoelase-olivine-basalt shows a close correspondence with one of a 
similar rock from Taynuilt ; the Ardsheal example being, however, the fresher. This analysis 
has also a certain resemblance to one of the type kentallenite of Kentallen, which is not 
surprising in view of the close proximity of the two occurrences. 

The association of high figures for potash and magnesia is the most striking point in these 
analyses, this being the chemical expression of rocks rich in olivine, yet containing considerable 
amounts of orthoclase. 

The analysis of the basic appinite presents several interesting features. The surprisingly 
large alumina content taken with the low silica seems to indicate that the amphibole in the 
rock is highly aluminous. Titania, also, is high for a Lower Devonian igneous rock, and 
comment lias already been made on the large percentage of combined water. The analysis 
considered as a whole does not resemble any other of neighbouring Lower Devonian igneous 
rocks, but it must be remembered that no analysis of an appinite has hitherto been published, 
and that the type is a rare and peculiar one. The analysis is quite in keeping with the 
mineralogical composition of the rock which is of Lower Devonian facies. 

The decomposed condition of the granophyre makes any chemical analysis valueless, but 
it seems probable from the present mineralogical composition of the rock that in its original 
state it had chemical affinities with the Ballachulish “granite.” The latter rock shows in 
places well-marked graphic intergrowth of quartz and orthoclase. 

The analysis of the hornblende porphyrite is quite normal in its characters and has 
fairly strong andesitic affinities, the richness in felspar and poverty in ferro-magnesian minerals 
being reflected in the high percentages of alumina and alkalies. An unpublished analysis 
of the slightly less leueocratie rock of Dundee Law (a hypersthene-andesite) is set forth for 
comparison. 

The kentallenitic and appinitie types of the summit complex are thoroughly representa- 
tive of Lower Devonian igneous activity in Argyllshire, resembling both chemically and 
mineralogically occurrences from neighbouring districts. The complex is one of a number 
of basic intrusions occurring near the Ballachulish “ granite.” Several of these small intrusions, 
hitherto unrecorded, occur on Ardsheal Hill and will be described below. Others, such as the 
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kentallenites of Kentallen and Achindarroch and the appinite and cortlandtite of the Allt 
Eilidh, have received attention in the District Memoir .* In the course of an ascent of Sgorr 
Dhearg, the author observed several small basic bosses on the ridge running down towards 
Ballachulish Ferry in addition to the intrusion mapped on the 8000 -feet contour. Thus it will 
be seen that the Ballachulish “granite” is fringed with a series of these basic intrusions— a 
state of affairs common in Argyllshire and of which Messrs Hill and Kynaston write: “It 
is true for each eruptive area that the more basic intrusions have invaded the marginal portion, 
while the more acid material occupies the centre.” The present writer shares the view that 
all the basic intrusions of the Ardsheal area are intimately connected- with the Ballachulish 
“granite,” which, along with the similar masses of Ben Nevis, Ben Cruachan, and Glen Coe, 
is to be reckoned as of Lower Devonian age.f It should not, however, be forgotten that 
boulders of a decomposed basic rock resembling kentallenite have been recorded in the base- 
ment conglomerate of Glen Coe.J The connection between the granophyre and the Ballachulish 
“granite” is probably even closer. 

Messrs Hill and Kynaston have described a, gradual passage from augite-diorite to 
biotite-granite in S. Argyllshire,! and Mr E. B. Bailey has recorded the association of granite 
and cortlandtite in the Allt Eilidh; || but Ardsheal Hill appears to be the only locality yet 
described where the essential contemporaneity of the appinite and kentallenite suites can be 
demonstrated. 


Analyses. 



divine-basalt, Ardsheal Hill summit S.E. Analyst, W. H. Herdsman. 
divine- basalt. Crunch- Ard-Dhuine, Taynuilt. Analyst, E. G. Radley. 
e. Kentallen Quarry. Analyst, J. J. H. Teall. 

Ardsheal Hill summit N. Analyst, W. H. Herdsman. 

-porphyrite. Ardsheal Hill summit S.E. Analyst, W. H. Herdsman. 
e-andesite. Dundee Law. Analyst, E. Walker. 

'•biottt.-urauodiorite. Ballachulish, Kentallen Quarries. Analyst, W. H. Herdsman. 

fclw Iocal if?" 00 ™ activity is fully discussed in the District Memoir , pp. 89-92. 
<»u*t*3.pp.97, D9. § Op. ait., pp. 644-6. || Op. at./p 139. 
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49*86 
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TiO„ 

1*25 
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0*22 
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0*30 
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0*42 
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I EeA 
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2*51 
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0*05 
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0-50 
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0*70 

0*79 

0*35 


0-24 

0-54 


0*04 

0*23 

0*51 

0*29 

MnO 

0-23 

0-40 


0*03 

tr. 

0*05 

0*16 

CO* 

8 

nil. 

nil. 

0-23 

.*,* 

0*03 

nil. 

nil. 

tr. 

n.d. 


Total 

99*94 

■ 100-29 

j 99*83 

99-87 

99*93 

100*14 

99*94 

' \ - ; ' . 

— — - 

1 

J 

J. 
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The hornblende-porphyrite, together with a few subacid intrusions described below, is 
regarded as belonging to the last or hypabyssal phase of Lower Devonian igneous activity, but 
resembles no other porphyrite in the immediate vicinity. 

Specific Gravities. 

Orthoelase-olivine-basalt . . . . • • 3-00 

Basic appinite . . . . - • • .3-19 

Hornblende-porphyrite . . . . . . 2*64 

Other Plutonic Intrusions. 

Granodiorite. — A small boss of diorite, measuring 400 yards along the N.E.-S.W. or major 
diameter of its lenticular outcrop, is recorded on the maps of the Geological Survey as occurring 
| mile due N. of Duror Inn. This rock has, indeed, a dioritic appearance in the hand-specimen, 
but microscopic examination proves it to be a granodiorite very similar to the neighbouring 
Ballachulish rock. The ferro-magnesian minerals (amounting to about 20 per cent, of the 
whole rock) are not fresh. Much of the dark brown biotite is chloritised, while hornblende 
is represented entirely by chloritic pseudomorphs. The felsic portion of the rock consists 
essentially of andesine, which is many times more abundant than either the turbid orthoclase 
or clear quartz which occur interstitially in approximately equal proportions. Apatite in 
large needles is a conspicuous accessory. The writer is inclined to assign a smaller area to 
this intrusion than has been allotted to it in the published maps. 

Augite-diorites. — Three small bosses of augite-diorite which appear to be unrecorded 
were detected on the eastern slopes of the hill. The largest of these is well exposed in the 
burn which runs down the hill and makes a right-angled turn to the north at a point some 
800 yards north of Lagnaha Farm. The boss occurs between the 200-feet and 400-feet 
contours. 

The two other bosses of augite-diorite lie about 100 yards to the S.W. of the top and 
bottom of the boss in the burn, forming boulder-clad knobs on the hillside. All three bosses 
are composed of coarse-grained and rather decomposed augite-diorite in which augite and 
biotite are conspicuous in the hand-specimen. Under the microscope these minerals are seen 
to be equally prominent, making up together about 50 per cent, of the rock. The augite 
occurs as large well-formed crystals, often over § 'inch across, which are frequently altered to 
amphibole or chlorite. The biotite is seen to form large ragged flakes sometimes altered to 
chlorite or carbonates and occasionally ranged tangentially round the pyroxene or felspar. 
Decomposed plagioclase is the only other constituent of importance, but a small amount of 
interstitial orthoclase and quartz may occasionally be observed, while in one section pseudo- 
morphs after olivine occur. The boss in the burn contains irregular pink-coloured segrega- 
tion veins which are made up essentially of oligoclase and mieroperthite, and are accord- 
ingly of syenitic composition. Modifications consisting of a more felspathic augite-diorite are 
also to be seen, especially towards the upper end of the intrusion. In these, quartz and 
alkali felspar become much more abundant, while the ferro-magnesian minerals dwindle to 
unimportance. 

The rock of these three intrusions strongly resembles that of the boss at Budha Mor 
which is well exposed on the shore.* Here, again, irregular pink segregation veins occur 
which are more abundant than in any of the other augite-diorites of the district, and primary 
hornblende makes its appearance sparingly. 

* Mem. Geol. Survey, Sheet 53, p. 155. 
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Kentallenite . — A little below the 200-feet contour, the burn which dissects the augite- 
diorite boss described above forms a waterfall, at the bottom of which was detected a very 
small unrecorded boss of kentallenite. The rock of this intrusion is exactly similar, both in 
the hand-specimen and under the microscope, to that of the type occurrence at Kentallen,* 
1 mile to the north. The Ardsheal boss has, however, a well-marked chilled margin in which 
skeletal crystals of magnetite are conspicuous, while the other minerals are almost entirely 
decomposed. 

Porphyrite Dykes— Several unrecorded dyke-like masses of porphyrite were observed at 
various points on the eastern slopes of Ardsheal Hill, their positions being indicated on the 
Sketch map. The rock of these dykes is white in the hand-specimen and contains sparse but 
well-formed phenocrysts of plagioclase showing lamellar twinning. Under the microscope 
these phenocrysts are seen to be composed of turbid oligoclase. They are set in a matrix of 
small stumpy laths of oligoclase and interstitial quartz. A few smaller phenocrysts of biotite, 
usually ehloritised, or bleached, form the only coloured constituent of the rock, which may be 
termed quartz-biotite-porphyrite. 

The trend of one of these dykes is clearly seen to the N.E.-S.W. like that of the horn- 
blende-porphyrite in the summit complex, and one of them appears to cut the lower end of 
the augite-diorite boss in the burn. All these porphyrites are probably representative of the 
last phase of igneous activity in the district. 


Summary. 


The summit of Ardsheal Hill is composed of a small igneous complex containing the 
following rock types intruded in the order given : — 

(1) Orthoclase-olivine-basalt=porphyritic kentallenite. 

(2) Appinite=hornblendite. 

(8) Granophyre. 

(4) Plagiophyre=hornblende-porphyrite==camptonite. 

The approximate contemporaneity of the appinite and kentallenite suites may be demon- 
stiated in this complex. Other intrusions of augite-diorite, granodiorite, kentallenite, and 
quartz-biotite-porphyrite from the lower slopes of Ardsheal Hill are described. 

Chemical analyses show the rocks of the summit complex to be of Lower Devonian 
affinities, and all the other intrusions described are assigned to this period of igneous activity. 
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EXPLANATION OF PLATE. 

Fig. 1 . Oliviiie-ortlioclase-basa.lt, 100 yards S.E. of Ardsheal Hill summit. A phenocryst of fresh, olivine near 
the centre of the field shows a black reaction rim and is surrounded by phenocrysts of augite showing zoning. A few 
microphenocrysts of pyroxene and olivine are seen in the groundmass in which small laths of plagioclase are 
conspicuous. X 25 diameters. 

Fig. 2. Kentallenite from boss 300 yards N. of Lagnaha Farm. Rounded crystals of olivine occur in the N.W. 
quadrant of the field, while large idiomorphic crystals of augite are seen near the margin. The dark brown biotite 
has photographed as black, x 25 diameters. 

Fig. 3. Hornblende-porphvrite from dyke in summit complex. A group of hornblende phenocrysts near the 
centre is set in a turbid matrix in which small flakes of partly chloritised biotite may be detected. X 20 diameters. 

Fig. 4. Basic appinite from the extreme north of the summit complex. Large crystals of greenish-brown 
hornblende occasionally show cores of clear pyroxene and inclusions of darker biotite. X 20 diameters. 

Fig. 5. Edge of porphyrite dyke in summit complex. Hornblencle-porphyrite in lower half of field shows well- 
marked chilling against coarse basalt in the upper half, x 25 diameters. 

Fig. 6. Edge of porphyrite dyke in summit complex. Hornblende-porphyrite in lower half of field shows well- 
marked chilling against appinite in upper half. X 25 diameters. 

All photomicrographs taken in ordinary light. 
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Introduction. 

iperiments on the toxic effects of tetrachlorethane on minnows, 
J. Wilson Dougal, B.Sc., found “cellular bodies’ in a portion 
’minnow which he had spread on a microscopic slide. Sections 
vere subsequently made by Mr Richard Muir and submitted to 
ire of the bodies. Examination showed that they were immature 
lolostomid®. I handed the sections and a living minnow, sent 
to Miss Bannerman for further study, remarking that the only 
i as occurring in the brain of fresh-water fish in Britain was a 
the lamprey and the ammoccete. I subsequently directed her 
ant (1910) of a similar worm which had been found in the brain 
itzerland and in Germany. Miss Bannerman studied numerous 
ring June and July 1928 and in September 1925, but she had to 
-e the work could be completed, to take up a post in India. Ihe 
recorded species of Tetracotyle, the discussion on the morphology 
.if fiin /i v Vi* t nr v p, finals, and a number of details in cither 
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Two or three dozen infected minnows have been kept in running tap water in the 
laboratory, some of them for more than six months. They appear quite healthy, and no 
modification in their reactions or in their swimming movements has been observed. 

The fish were killed by decapitation, and the brain was exposed and examined under a 
binocular microscope. Most of the Tetracotyle have been studied alive in water, sometimes with 
the addition of neutral red or methylene blue. Others were fixed in Flemming’s fluid (strong 
formula), in warm Bouin’s fluid, or in warm sublimate-acetic mixture, and stained as whole 
mounts (which, however, do not afford much help), or cut in serial sections in the three cardinal 
planes. Fixation by means of lactophenol, and progressive clearing in this medium while the 
specimen was kept under observation with a 8-mm. dry lens, proved helpful in differentiating 
the nervous system and other structures. Serial sections of the brain of three minnows with 
the worms in situ have also been studied. 

As observed under a binocular dissecting microscope, the brain of the infected fish was 
of normal appearance, except that a number of the Tetracotyle could be seen as whitish oval 
bodies lying just under the investing membrane (the pia mater) of the mid- and hind-brain, 
chiefly in the lateral portions, and in most cases the fourth ventricle was crowded with them 
(Plate, fig. 1). Tetracotyle were not observed in the fore-brain or in the spinal cord, and 
examination of the eyes gave negative results ; but a few worms were seen in the cranial cavity. 
Sections show that the great majority of the worms occur in the optic lobes, in the Sylvian 
aqueduct, and in the fourth ventricle (fig. 1), and the epithelial lining of these parts has 
undergone an extensive proliferation and has formed a vacuolated tissue (fig. 2). This appears 
to be the principal result of the presence of the parasites. While a few of the worms lie in 
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:3£Bsass»fflM«Kasa 

of Tetracotyle. In retraction the anterior end assumes 

a rounded outline. The length and shape of the unc \ ( l ) T/ = \-l.o. 

body depend chiefly on the condition of the excretory j \\f J( "\ 

vesicle ; when this is fully expanded the form of the hind // W \ 

body is as shown in text-fig. 1, but as the vesicle dis- P „ - ip 

charges its contents the hind region becomes shorter and // 7K W 

more rounded in outline (text-fig. 7). . ^ // lf\\ Vi C ' 

Twenty-three specimens obtained in 192o veie // I \\ \\ 

measured alive, the cover-glass being supported so as // \\ \\ 

to avoid compression of the larvae. Three of them were 1/ \\ \ 

distinctly smaller than the rest, their length being -27 1 1 \\ 

to -81 mm.; the others ranged from -83 to -42 mm. m //^PKu. 1 

length and from -17 to -24 mm. in breadth ; the average jj ^j|yp \\ 

length and breadth of these twenty examples were torA 

•855 mm. and -185 mm. respectively. 1 

In September 1925 a few smaller larvie were U pfM frm tf~ A ' a 

obtained; they were not actually measured, but the \V \ y/ 

smallest were estimated to be about one-third the length xc - \\ 'yt 
of the usual examples. Half a dozen minnows, collected \\ y j \ M JJ 

at the same time and in the same area, were kept in the j J !/ 

laboratory and examined in February and March 192fi, Exc ' V ^\\C‘\ (-/// 

but no small larva were found— if any had been previ- Vs. 11 77/ * 

ously present they had no doubt had time to giov to 
the usual size. Those then examined were on the aver- 

age -38 mm. long and -17 broad, and the largest example Exc.o. 

was *42 Him. long and *2 mm. wide. Text- FIG. I.— a fully extended living specimen, 

As Matark has described in considerable detail the 
external features and internal structure of a larva which, excretory canals (Exa c.), as they open into 
though smaller, appears to be otherwise closely similar oTth^ 

to and is probably specifically identical (p. 168) with organs (L.O.) is indicated by dotted linos. A.O., 
ours, we have restricted our account to a record of int^Su ’ Mo“' mouth? i>Z 

additional details and of those observations which are pharynx; s„ septum; v.s., ventral sucker, 
not fully in accordance with his. x about 300 . 

The oral sucker is usually oval and the antero- 
posterior diameter (about -06 mm.) distinctly longer than the transverse, but m other cases 

the two diameters are almost equal (about -05 mm.). . . 

The nature of the lateral organs' wm discussed at some length by Mat are, who conelucec 
that they have two functions— taste and adhesion. The sensory nature of the organs is clear y 
indicated by their ample nerve-supply, for each receives one or two stout nerves from the 
cerebral mass (text-fig. 7). In life their movements recall those ot the sensory lobes at the 
antero-lateral angles of many Triclad Turbellaria, and they may he tactile as well as gustatory. 
The suctorial function of these organs may be inferred from their musculature, for muscle 


Text-fig. 1.— A fully extended living specimen, 
observed from the ventral aspect, without pres- 
sure. Only the terminal parts of the two chief 
excretory canals (Exc. G.), as they open into 
the vesicle (Exc. V.), are represented. Hie 
internal extent of one of the lateral suctorial 
organs (L.O.) is indicated by dotted lines. A.O., 
adhesive organ ; C, cuticle ; Exc. ()., excretory 
opening ; Int., intestine; Mo., mouth; III., 
pharynx; 8., septum; V.8., ventral sucker. 

X about 300. 
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strands are inserted into the base of each organ and pass backwards, spreading fanwise, to 
their origins on the ventral body-wall, most of which are in the region of the ventral sucker, 
but a few are even further back. The mere retraction of the sense organ would not appear 
to require such a well-developed musculature, so that an adhesive function is probably 
correctly attributed to the lateral organs. The organ is shown in the extended and in the 
retracted condition in text-tigs. 2 and 7 respectively. 

In the middle region of the ventral surface are two more powerful adhesive organs. 
The more anterior is cup-shaped and has thick muscular walls, and is generally designated 
the acetabulum or ventral sucker (text-tig. 1). Its outline is either circular and about -06 mm. 
in diameter or more usually slightly oval, the longer axis being transverse. The lumen of 







the more posterior adhesive organ is deep and narrow, and 
its chitinous lining is raised in the region near the aperture 
into numerous rows of ridges. Its aperture may be a simple 
slit, but more often is tri-, quadri-, or multi-radiate (text- 
figs. 7, 2, 1). The muscular wall of the organ is enveloped 
by a mass of gland cells — the transverse diameter of the 
entire organ being about *09 mm. and the antero-posterior 
diameter about *06 mm. Any contraction of the specimen 
tends to increase the transverse diameter of this adhesive 
organ and of the ventral sucker at the expense of the 
antero-posterior diameters. The adhesive organ can be 
completely everted, as the photograph (fig. 2) shows. In 
addition to this example we have seen three living specimens 
with the organ everted; in all the others it was retracted. 
Muscle fibrils arise from the dorsal body-wall and are inserted 
into the base of the organ; they serve for enlarging its lumen 
and also as retractors. This organ is the ventral adhesive 
organ (Haftorgan or Haftapparat). 

Odhnbr (1913) concluded from his studies, especially 
on Gyathocotyle, that the Haftorgan in this genus and in 
the Holostomes in general is derived from and is to be 
considered as homologous with the ventral sucker of 
the Distomes. In Oyathocotvle thera is t.p-n m* f.n flip 


Exc.q 

Text- fig. 2.— A partly contracted compressed 
specimen, drawn from life, dorsal aspect. 
The lateral suctorial organs are extended ; 
some of the retractor muscles (M.F.) of the 
right organ are indicated ; the excretory 
vesicle, which was almost empty, is not 
represented. Reference letters as in text- 
hg. 1, p. 161. X 180. 
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“thru” the acetabulum Is not shown in his figure (fig. 1) of the reproductive system, nor is 
the vagina represented in this figure. 

Szidat (1924) has given special attention to Faust’s view; he figures in a median section 
of Tctracotyle typica (for comparison with Faust’s fig. 5) a narrow passage which, he points 
out, is nothing more than the narrow lumen, ending blindly, produced by folding of the wall 
of the Haftorgan. He further states that the organ interpreted by Faust as the vagina is 
the large glandular organ associated with the Haftorgan. 

We have carefully examined the serial sections of our Tetracotyle, and can state definitely 
that, as genital ducts are not yet developed, there are no such ducts associated with either 
of the ventral suckers. This in itself is, of course, not an argument against Faust s view, 
for he was dealing with another species in which the reproductive apparatus appears to be 
different in more than one respect. But Faust’s unconvincing figure and Szidat’s criticism 
and alternative interpretation thereof lead us to the conclusion that, on the evidence available, 
there is not justification for changing the designation “anterior ventral sucker to primitive 
genital pore.” Until further comparative observations enable a definitive terminology to 
bo agreed upon, it will be convenient to continue to designate the two suckers respectively as 
“anterior ventral sucker” and “ventral adhesive organ or “Haftorgan. 

The ample provision of adhesive organs in Tetracotyle, together with the arrangement 
of certain of the body muscles, described by Mat are, emphasises the importance of the sucking 
reflex in this worm. 

The cuticle which covers the entire surface of the worm is smooth — that is, has no spines. 
It is barely 5 p thick, and exhibits two layers which are readily differentiated both in life and 
in stained sections. The outer layer is slightly thicker than the inner, stains more deeply, 
and is marked with fine striations perpendicular to the surface. On examining it in living 
specimens lightly stained with neutral red, this outer layer is seen to be marked out into 
minute, close-set, hexagonal areas, as described by Matare. The inner layer of the cuticle 
is a homogeneous or very finely granular film which stains faintly. 

We have nothing to add to Matare’s account of the muscular system, the parenchyma, 
and the alimentary canal, with the exception of the intestine. He states that the two limbs 
of the intestine extend to the posterior end of the body, and that just in front of their blind 
ends they are bent at a right angle. In our living' examples, examined without pressure, 
each limb of the intestine can be seen lying dorsal to the excretory vesicle, and can be traced 
rather more than half-way along the latter, where its blind end is situated (text-fig. 1). The 
terminal portion of the intestine is curved medially. In examples in which the contents of 
the excretory vesicle have been partially discharged, the inward curvature of the terminal 
part of the intestine is more marked (text-fig. 2), and in many preserved specimens the 
intestine exhibits a right-angled bend (text-fig. 7). 

Matare states that the limbs of the intestine are of purely epithelial nature. He suggests 
that as the gut walls are in very close connection with the parenchyma, the movement of the 
intestinal contents is probably brought about by the parenchymal musculature. 

In our horizontal series of sections we have found fine, circular, muscle fibrils — close set, 
being only about 1 /< apart — in the wall of the intestine, and longitudinal fibres are also present. 
The movement of the contents is therefore explicable without reference to the parenchymal 
muscles. The gut contents, which stain red with neutral red and are therefore acid, consist 
of a fluid in which are numerous brownish spherules, chiefly 2 to 3 y in diameter, no doubt 
the remnants of the digestion of blood which, with the cerebral fluid, appears to form 
the food of the larva. In a few examples we have seen a cell or two of the vacuolated 
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Exd. 0. 

Text- fig. 4.— -To show the principal canals of the excretory system. 

Drawn from a living, slightly compressed specimen, dorsal aspect. 

The excretory vesicle had discharged part of its contents. The 
suckers are seen through the animal. The terminal portion of 
the right limb of the intestine is represented. Exc. C.E., fine 
excretory canal which receives tributaries from flame-cells. 

Other reference letters as in text-fig, 1, p. 161. x300. 

the excretory canals, because we found that our observations did not agree in one important 
point with those of Matabb, and we have therefore been particularly careful to confirm our 
fadings in this respect. His figure of the main vessels of the excretory system is reproduced 
in text-fig. 8 ; our interpretation of the arrangement of the vessels is shown in text-fig. 4. 
The essential difference is that we find one principal excretory vessel entering the vesicle on 
each side, whereas he shows two main vessels uniting to form one common trunk. It is, of 
course, passible that we are dealing with a different species and that both accounts are correct ; 
but i calming irom our experience the great difficulty in tracing the course and origin of the 
latcua ianal wnieh arises from two tributaries situated almost against the wall of the vesicle, 


Text-fig. 3.— To show the print*. 
; canals of the excretory sytr 
according to MatarjGj (1010. 
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we think it probable that the arrangement we have figured may have been that present also 

" canal on each side opens into the vesicle in our examples was demon- 

strated time after time both by direct observation of the course of the more ateral canal 
which proved that it opened into the chief canal, and also by drawing small amounts of 
laetophenol under the cover-glass towards the preparation and observing the stages of co 
traction of the vesicle, xYs the vesicle began to diminish in size, the connection of its an ,eio- 

lnteval angles with one canal only became fully evident. 

" The chief excretory caned of each ride if* formed by the onion of an 

ranal nt a point almost equidistant from the anterior and posterior ends. Rom tins point 
m canal runs for a short distance obliquely in a postero-medial ^"to^e” 
a transverse commissural vessel, after which it runs backwards nearly parallel to the lateral 
margin of the body until it reaches the posterior margin of the Haftorgan, where it curves 



medially and opens into the antero-lateral angle of the vesicle. The two anterior canals are 
connected in front, immediately posterior to the oral sucker, and at their point ot union is 
received a median dorsal vessel, which can be traced backwards dorsal to the ventral sucker 
and Haftorgan nearly to the level of the vesicle, where it is formed by tributaries which come 

from the small saceuli containing concretions (text-figs. 5, 6). 

While there is a fair agreement in different specimens as to the number and relations ot 
the principal tributaries of the excretory system, variation is exhibited by the smaller 
tributaries. For instance, the portion of the median dorsal vessel behind the ventral sucker 
may have the comparatively simple form shown in text-fig. 5, or present the more elaborate 

plan shown in text-fig. 6, or an intermediate condition. __ 

The principal tributaries of the main canals are shown in text-fig. 4, and all these arise 
from similar saceuli. But there is also a fine canal (Exc. C.F.), not more than 2/t in diameter, 
which receives tributaries which arise from flame-cells. Unfortunately, the presence of the 
numerous concretions prevents anything like a complete elucidation of the plan of arrangement 
of the finer vessels and the flame-cells. In the larger examples we have observed about forty 
flame-cells, the majority in the posterior half of the larva ; but there are almost certainly more. 
Their ducts discharge into the fine canal already mentioned. This can be traced from the 
region lateral to the oral sucker along the medial side of the anterior excretory canal and 
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a l on cr the chief excretory canal— sometimes mesial to it, or slightly lateral to it— to a point 
last behind the opening of the chief canal into the vesicle. At three points on its course it 
J ’ Mo appears to be intimately connected with the 

8 larger canal, and probably opens into the latter 

at these places, though this was not definitely 
ascertained. It should be added that this fine 
canal was demonstrable only in very fresh 

Our observations are in close agreement 
with those of Fraipont (1880) on the excretory 
" DC ' system oiDiplo stoma volvens. 

The vesicle in its state of full expansion 
(text-fig. 1) is about -09 to -1 mm. long and 
..... vs almost heart-shaped, and is traversed by a 
median septum which does not extend quite to 
the posterior end of the vesicle. The vesicle 
opens by a short canal through the excretory 
pore, which is not terminal but slightly dorsal 

The reproductive system is represented by 
three groups of cells which lie immediately 
posterior to the adhesive organ and dorsal to 
the excretory vesicle. Their relations are repre- 
sented in text-fig. 7. The ovary is anterior 
. to the two testes, the median parts of which 

Exc. 0. overlap. The cells of the latter (spermatogonia) 



Int.-"" 


Exe. V.-" 


Tkxt-fio. 7. Drawn from a preserved and cleared, but somewhat are 5 to 6 // in diameter, their nuclei are large 
contracted, specimen, ventral aspect, to show the nervous . J . . , . , , . , £ 

system, gonads, and alimentary canal. The excretory vesicle (&bOU.t 4^ ill dlctmGlGr), HillCl ID. IDOSt 01 tilGDl 

Is empty. The branches of the nerve cord have been added the chromatin is Collected into a Central maSS. 
from a series of horizontal section??. A.S., “ Aussenstrang n . ,, ' . ; . . . . 1 i 

(Matake) or longitudinal marginal nerve; C.G., cerebral The OVanaO Cells are Similar in Structure, but 

ganglion; d.c., dorsal commissure; o.. ovary ; t„ testis. are distinctly smaller. In a few specimens 

Other reference letters as in text-fig. I, p. 101. X 300. • ' , . , t ■ * 

the spermatogonia have undergone division. 



a raB M 




Around the ovary and aroufid each testis is a thin cellular envelope. 
There arc no I races of genital ducts. 

For the study of the nervous system we have employed a large 
number of living specimens, and after making such observations as were 
possible thereon, we have drawn lactophenol into each preparation and 
observed the specimen as fixation and progressive clearing took place. 
At one phase the nerve cords stand out with great clearness. We have 
checked and added to these observations by the study of serial sections 
and horizontal, 

. The two cerebral ganglia are situated at the sides of the posterior 

v A A- T J . if. 1 . H 


Text-etg. 8. -—The nervous 
system, after Matas!! 
(1910, p. 533). 
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a i . a tiip nhVrvrix • two nerves to the dorsal body-wall ; and a nerve cold which 

15« of the hind end of the animal. 


Comparison with previously recorded Tetracotyle. 

T]ie niline Tetracotyle has been employed in . restricted and in a wider sense. 

I' !, Kl.e Au.vf 


In its 


The name Tetracotyle has been employ eu m « t®— , 

stricter u.w it designates iarvte which, like that described in this paper possess at each side 
toTJt'tl - Morgan which is muscular or glandular, or both, and is to a greater or less 

"°™l U-lodelphys include two other groups of Hol^tomid 
!-,r V -e which are disHnguished from Tetracotyle by the absence ot the lateral suctorial o g. n . 

ih^IXisl^, 

Tit t St t (1 bio p. 496) of the known species of Tetracotyle affords an example 
“STpr^^oi^ twenty-three species cited, more than ha,, do not belong to the 

KeI1U Miich' investiiatioiAs required on the structure of many of the larva- and on their , 
Much m\ti it ^ i ^ known — before the terminology can be placed 

“dVr It would seem desirable in the meantime to employ the name Tetracotyle 

111 11 Of "the retordedlaiw® 6 of Holostomid* apparently only three agree with ours m having 

il wNordmann, from the eye of perch and other fresh-water fishes. 

Tdmcohfle petromyzontis Brown, from the brain of Ammocoetes. 

Trlmrotuh! plioxini Faust, from the brain of the minnow. . . . 

DipMomum colmts is about 4 mm. long, that is about the same s«*e a« oiir 
from t he minnow, hut differs from the latter in that the lateral processes at th wile o end, 
thoiedi partly retractile, are not capable of being converted into sucking oigans. <>u , 

,h, nm portions of the suckers arc different; in />. cot re mi the transverse diameti of the 
wulnil lueker is about twice that of the oral sucker, and the adhesive organ has almost vuce 
lll( , (lia melerorthe ventral sucker. In our species the transverse dumu-ters ol the oin and 
ventral suck,*rs are approximately equal The ventral sucker ol /). ooloens is slighlh anteiioi 
middle «,f the hodv, and there is a distinct interval between it and the adhesive oignn. 
r ; s these . wo' organs are usually in contact. The excretory vesicle and the detail 
o rt mmUm«mt of the excretory canals in IK calm*, as figured by 1: u.uvoxt, are almost 
iW-.pirH with 1 hose in our specimens. Kuaii-ont stales that rhe median wptum vvlmn mists 
from ^ nul l!i, ' (lors:,! %vaH: in our examples he septum 

h eomplete, extending to the dorsal wall (fig. 6). On the ground ot the structural d.lleveiiceb 
ril ,,d UK1V he concluded definitely that our examples are not IK rohe-ns. 1 uithei, the 
specific habitat, of this species is the eye and not the brain of fresh-water fishes. 

THmcotyh’ petromijso nli* has an average lengt h of 4*3 mm. and possesses two anteio-lateral 
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processes which can be converted into grooved adhesive organs. The oral sucker, ventral 
sucker, and adhesive organ are in fair agreement in their relative sizes and positions with those 
of our examples, but some of the internal structures as figured by Brown do not conform. 
The two limbs of the intestine are shown (Brown’s fig. 11) terminating close to the middle 
line and immediately behind the adhesive organ. In the excretory system the transverse 
anastomosis, well-developed in our specimens, is very feebly marked (c/. Brown's fig. 7 and 
our text-fig. 4), and the excretory vesicle is represented (fig. 11) as consisting of two widely 
separated portions, each more or less oval in form, opening through a short common portion 
to the exterior. Brown states that his fig. 11 is a plan drawn from horizontal sections; the 
shape of the excretory vesicle has no doubt been considerably affected by contraction during 
preservation. We may add that in our examples the excretory vesicle, during the later 
phase of discharge of its contents, assumes a form similar to that figured by Brown in 
T. petromyzontis. 

Tetracotyle petromyzontis exhibits a general resemblance to our species, and the differences 
in the excretory system and in the position of the terminal parts of the intestine may be less 
than Brown’s figures suggest. A re-examination of fresh material of this species is necessary 
before its relations can be determined. 

Tetracotyle phoxini. — Matare gave a detailed account of this “neue Tetracotyle,” but 
be did not name the species; the specific name was added by Faust (1918). Our specimens 
agree in most respects so fully with Matarb’s that it is difficult to believe they can he other 
than eonspecific, and yet there are two features in which there is divergence. His examples 
were little more than half the size of ours (-2 mm. long and -15 mm. broad), but we have seen 
a few small examples, and the disparity in size cannot be held to be decisive. Matare 
describes and figures two main excretory canals on each side which unite and open by a 
common trunk into the excretory vesicle, whereas we find only one main canal on each side. 
1 he difficulties of observation in the region concerned are, however, so considerable that we 
are not inclined to regard this difference as proved or as a ground for the specific distinction 
of our examples from Matare’s. 


Other Stages of Tetracotyle phoxini. 



jjjflJlij 


m is 


i— i 


In the minnows caught near Loch Lubnaig in Septembe 
size than auy found in the material of 1923. The smallest 
and had probably only recently entered the minnow. Bonn 
kept in the laboratory until February and March 1926, but 
1'ound in them; (hey had all reached a length of -35 mm. to 
SI is hoped that a re-examination of the molluscs of the 
first intermediate host in which the stages of development i 
to the Tetracotyle, are passed — will provide material by n 
of the parasite into the minnow (the second intermediate 
can be established. The host in which the worm attains n 
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from a stream live miles vest of Edinburgh, and other minnows infected «ith the same species 
of Tetracotvle were collected in the same area in October 1926. In 192o minnows caught in a 
stream bowing into Loch Lubnaig, Perthshire, were found to harbour 1 . phoxim. 

Through the kindness of Dr Nellie B. Bales one of us has been enabled to examine 
two collections of minnows from the neighbourhood of Beading. The first examples were sent 
in Julv 1926, and proved to be only lightly infected. The worms were alive though no 
active" when thev arrived in Edinburgh. No difference between them and the Scottish 
examples could be detected; in their form and size (-3 to -42 mm. long), m the relative position 
and proportion of their suckers, and in the arrangement of the mam excretory canals, they 
conformed to the description given in the earlier part of this paper. The second series of 
minnows, sent early in October 1926, were more heavily infected. The letracotyle weie in 
better condition, and careful examination afforded confirmation of the view that the Leading 

and the Scottish examples belong to the same species. _ 

Professor A. E. Boycott, F.E.S., has kindly sent to one of us sections of the head oL 
a, minnow, collected at Radlett, Herts, in the brain of which are several Tetracotvle. These 
agree in size and, so far as can be ascertained from sections, in structure with those describee 
in this paper. While it is impossible definitely to identify them as 1. phoxrni, they pro bah y 

belong to this species. 

Previous Records of the Occurrence of Holostome Larva? in the 

Brain of Pishes. 

In 1839 Johannes Muller recorded the presence of a mass of small Entozoa, agreeing 
in size and form with Henle's Diplostomum rachicemn, in the fourth ventricle of Lampetra 
(Petromyzon) flumatilis. In 1850 Diesing (p. 807) referred to this Entozoon as a species 
nondum deseripta— ‘ Diplostomum Petromyzi fluviatilis’” but in 1858 (p. 316) he cited it as 
“ Tylodelphijs? Petromyzonis fluviatilis." In 1870 Gulliver found that m every Lampetra 
piemen from the Stour at Canterbury the brain case was occupied by a mass of living worms 
equal to that of the brain substance, and that the worms had an average length uu i 

(he. about -4 mm.). In a later paper (1872) Gulliver named the worm provisionally A euronma 
Lampetra}, but the only further information he gave about it was that there are no spines 

near the mouth or on the surface of the body. . , 

In 1 Shi) A. W. Brown described the structure of T. petromyzontis from Hie hram cavities 
or Ainmoecetes collected near Oxford. The worms were found in great numbers, mostly in 

i In* Court h ventricle. _ . 

Finally, in 1910, Matare gave his detailed account of the species, named by V \\ st (I9IB) 

7. jilioxiiii, from the brain of minnows. 

In all these cases of infection of the brain, sometimes with great numbers of the worms— 
Matare estimated that in heavy infections 400 to 500 were present - there is no apparent effect 
Upon the host's reactions. In none of these cases has the mode of infection been ascertained. 

Szidat found cercariie (bis Cercantt C.) in the mid-brain of a Leue.iscus i util is which had 
been placed in water containing these larva', but the infection of the brain was apparently 
slighi. dnrunu ( . was shown to develop into Diplostomum robe ns, whose specific habitat 
ih t ho oyo of hvsh-waior 

In 1H53 I , e void recorded the occurrence of several hundred Trematodes about 1 mm. 
long in the cranial cavity of (lobitisJoHsilis. The worms were moving freely on the brain and 
in the surrounding fluid! This worm, named by Dirking (1858) Tylodelphys ? enmiaria, does 
riot appear to have been observed since. V 
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Other Helminthes prom the Minnow. 

During tli6 course of the work on Tetracotyle the following Heimin thes , w liicli have 
apparently not been previously recorded from the minnow, have also been obtained. 

Diplostomum sp— In the fourth ventricle of two minnows collected near Edinburgh 
(Oetober-November 1926) a Diplostomum— a single specimen in each fish— was found. One 
example was -3 mm. long and the other -4 mm. long and -19 mm. broad. The larger one was 
more carefully examined. Its cuticle is very thin and smooth. The antero-posterior and the 
transverse diameters of the oral sucker are -04 and -045 mm. respectively, the diameter of the 
ventral sucker is -035 mm., and of the adhesive organ about -06 mm. There is a distinct 
interval between the ventral sucker (which is in the middle of the body or slightly further 
back) and the adhesive organ. The concretions in the sacculi of the excretory system seldom 
exceed 3 fi in diameter, and the excretory vesicle is Y-shaped. The characters of this Diplo- 
stomum do not agree with those of any recorded species. 

AUocreacUum. — In two other minnows collected near Edinburgh small Distomids — four 
altogether— were found on the liver or on the stomach. As they were unduly compressed 
during preparation they are not in good condition and only one of them is mature. The 
mature specimen is about 2 mm. in length, the others are from -7 mm. to 1 mm. long. They 
appear lo he A. angusticoUe (Hausmann), but the determination is given with some reserve. 

Gyrodactylus. — The specimens are -3 to -365 mm. long and are probably G. medius 
Kathariner. They are abundant on the fins, and on the skin generally, of many of the 
minnows from the neighbourhood of Edinburgh and from Loch Lubnaig. 

Dactylogyrus sp. — Several specimens about -4 to -6 mm. long have been obtained from 
the gills of minnows caught near Edinburgh. The armature of the posterior disc — the hooks 
and the dorsal and ventral ehitinous supporting pieces — do not agree with those of any 
species figured by Lithe (1909) or by Wegener (1910). 

Ligula intestinalis (L.). — The belly of one of the minnows brought to Edinburgh in 
September 1925 from near Loch Lubnaig was noticeably swollen in February 1926, and became 
more and more distended until death occurred about four weeks later. The minnow, which 
was GO mm. long, had in its abdominal cavity a Ligula 90 mm. long.* 


Summary. 


A Tetracotyle, which we believe to be identical with T. phoxini (Faust, 1918), originally 
described by Matare (1910) from minnows ( Phoxinus phoxinus (L.)) collected in Switzerland 
and in (lernimiy, is recorded from minnows obtained from two localities in Scotland and from 
Berkshire and Hertfordshire in England. 

The parasites have been found only in the brain, and chiefly in the cavities of the optic 
• lobes, in the Sylvian aqueduct, and in the fourth ventricle. The epithelial lining of these 
cavities has undergone extensive proliferation, and forms a vacuolated tissue in which most of 

the worms lie. • - 

l ;u ' majority of the Tetracotyle were *83 to -42 mm. in length. In heavily infected examples 
about 2.)0 or more Tetracotyle were found, but the fish were apparently quite healthy. 

1 h<> view advanced by Faust that the ventral sucker or acetabulum is to be regarded as 
the primitive genital pore is, in our opinion, not justifiable on the evidence cited. 


* \ hd 


, , , Mgula, 72 Tam. long, found by Dr A. J. Hessb in. thn abdominal cavity of a minnow from Locb 
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Ih8 intestine is not purely epithehal, as stated by but possesses both circular 

and longitudinal muscle fibres. . , cll s id e , which unite and 

Matare describes and figures two mam excretory ^ ^ ^ ^ 

open by a common trunk into the excretoij^e&n- ion ' we are inclined to believe 

side. In view of the difficulty m observing the c<mals ^ A 

the flame-cells ; it is closely associated at three 

^e^^th^in hcretory canal, into which it by three 

4=3= =£ r- r,s : 

specifically distinct from his. , i Tofrq^otvle is an immature post- 

be ascertained. minnows are: A Diplostomum from the fourth 

Other Hehmnthes obtained from ,.c. - / } anqiisticolle, found on the liver 

" spMes 0[ * 

- and Ligula intestinalis from the abdominal ca\ iU . 


from the gills ; 
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DESCRIPTION OE PLATE. 

Fis 1 Horizontal section of the optic lobes and hind brain of minnow, showing the Tetracotyle in the cavities 
of the optic lobes, in the Sylvian aqueduct, and in the fourth ventricle. On the left side a Tetracotyle lies in the 
oroove between the optic lobe and the cerebellum, and further back another is seen just under the pia mater, x 24. 
° Fig . 2 . Portion of a section of the ventricle showing the Tetracotyle, one with its ventral adhesive organ 

everted, lying in the proliferated and vacuolated ependyma. X 300. 

Fig. 3. Median vertical section of a Tetracotyle lying in the hind brain immediately under the pia mater. At 
the anterior (left) end are the mouth (Mo.) and the oral sucker ; on the ventral surface are the ventral sucker (V.S.) 
and the adhesive organ (A.O.), with its basal gland cells, posterior to which is the almost empty excretory vesicle 
and the dorsal excretory pore (Exc. 0.). The deeply staining cells immediately dorsal to the vesicle are the gonads. 
X 300. 

Fig. 4. Horizontal section showing outline of the oral sucker, the pharynx, and the two limbs of the intestine. 
Right and left of the pharynx are the cerebral ganglia (C.G.), each giving off a nerve to the oral sucker. Lateral 
to the intestine on each side is seen the main excretory canal ; the right canal (Exc. C.) can be, traced almost into the 
vesicle (Exc. V.). On the left side, lateral to the canal, are shown several of the terminal bulbs of the excretory 
system which in life contained concretions. The deeply staining cells across the middle of the worm are gland cells. 
A few oogonia are seen in the basal part of the septum of the excretory vesicle. X 500. 

Fig. 5. Transverse section through the pharynx, cerebral ganglia, and dorsal commissure. X 680. 

Fig. 6. Transverse section of the same specimen as that shown in fig. 5, passing through the gonads and the 
excretory vesicle. On the right of the excretory vesicle is the main excretory canal, and a little dorsal to it the 
intestine (1st.). In the dorsal base of the septum of the excretory vesicle are two or three oogonia (Oo.), and above 
the two halves of the vesicle are the spermatogonia (Sp.) of one of the testes. X 680. 
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IX— A Critical Examination of the Vittariese with a View to their Systematic 
‘ Comparison. By S. Williams, M.Sc., Ph.D., Lecturer in Botany, Glasgow Lmveraity. 

(With Three Plates and Thirty-one Text-figures.) 

(M S. received June 21, 1026. Read June 21, 1926. Issued separately February 21, 1927.) 

The Vittorios*, as described bv Christensen,* comprises five genera, viz. Vittaria, Mono- 
gramma. A ntrophyum, Hecistopleris, and Anetkrn, all of which are epiphytic forms growing 
in the damn forests of the Old and New World Tropics. All of them possess creeping rhizomes 
on which the frond* are arranged more or less definitely in two rows on the dorsal surface. 
The fronds are simple in outline, with the exception of those of Hecistoptens which are diclio- 
tomouslv branched. The venation of the fronds is reticulate, except m Hecistoptens where 
there is 'an open, dichotomous system of veins, and in Monogramma, m some species of which 
the venation consists simply of a mid-rib* An interesting feature, v ik.. i ras piovec _ )e 
valuable as a diagnostic character is the presence of “spicule cells” m the epidermis of the 
fronds These spicule cells are elongated cells containing spicules of silica, and their presence 
appears to be universal in the Vittorio®. The sporangia are fairly constant in form through- 
out the group, but their distribution is extremely varied. The roots are charactenstica y 
provided with very numerous reddish-brown root hairs, a character shared with other epiphytic 
Ferns. The Gametophyte is divergent from the common cordate type m all cases where it 
has been investigated. Such are the main external characteristics of the group uncer 

The five e-enera at present included in the Vittariese have had an extremely vaned sys- 
tematic history, a fact which indicates at once that there is likely to be considerable difficulty 
in any attempt to consider their systematic relationships. The grouping o ' t le genera untei 
the name Vittariese is of comparatively recent date, and prior to that time the various genera 
received very varied treatment at the hands of the systematises* Presl, m his lentamen 
Pteridographia » (188(1), placed Vittaria and Promptia (now Davalha) m the Tribe \ lttanaceie. 
A number of Antrophyum species and Monogramma were placed in Section I, Grammi .it me 
of the Tribe Grammitaeeab while the remaining species of Antrophyum and Hennoinhs spatulata 
(now . 1 nethnn ritrifoUnm) were placed in Section II, Hemionitide* of ihe same Iribe. Hooker 
(Synopsis FUkum, 1KHS) placed all five genera in the Tribe Grammitidew (Hecistoptens being 
included under (lym nogramme), without, however, grouping the genera m any way as separate 
from the of her forms included in the same group. Ln the Hisioria Filicvm (1 875) of J. Smith, 
Vittaria 1*1 crops is miqiistifolia, and DictyoiAglviim are placed in his Tribe \iltarie®. Mono- 
gramma, Dklhhpteris (now included in Monogramma), Pleurogramma, and Hecistoptens axe 
placed in the Tribe I’leurogrammea. Antrophyum is placed in the Tribe Graimmtulea*, 
although ihe writer states that “The general aspect and mode of growth indicates the affinity 
of GiHgenus to he with Vittaria." Goebel t suggested in 1890 that the five genera should 
be placed together in the Vittariea>. This suggestion was based on the characters ot the 
o-ametophyte' ami on certain characters of the sporophyte, chiefly the presence oi spicule 
cells in the epidermis of the fronds. Goebel’s suggestion was followed by Christ (Die Barn- 


* Christ bin is kn, index Filicum , 1906, 

j Uoinu-iL, '* licvisloplorirt, dm*, verkarmte Fanigattimg,’ 1 Flora, 1896. 
TRANS. ROV. BOO. EDJLN., VOL* LV, PART \ (NO. 9). 


$9 



I 1 II llll 




Yittaria, J. E. Smith (1793). 

The genus Vittaria, along with Prosaptia ( =Davallia ), formed the Tribe VII, Yittariace® 
of Presl. J. Smith included Vittaria together with Pteropsis (= V. angustifolia ) and Dictyo- 
xiphium in his Tribe X, Yittarie®. Hooker (Syn. Fil.) placed it between Antrophyum and 
Tcenitis, and divided the genus into two sections, § Euvittaria, Hk. and §§ Tceniopsis, J. Sm., 
the former having the “sori sunk in a two-lipped marginal groove,” and the latter with the 
“sori in a slightly intramarginal line, with the unaltered edge of the frond produced beyond 
and often rolled over it.” This subdivision is accepted by Christ and Diels in their classi- 
fication of the genus. In Hooker’s arrangement the § Euvittaria contains only a single 
species, V. elongata , whereas §§ Tceniopsis has a comparatively large number of ill-defined 
species differing only in detail from one another. Hooker gives only eight species with the 

difficult of discrimination, and we have admitted here 
Christensen, on the other hand, includes over forty 

into two sections, which do not coincide 
to include most of the species 
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krdute der Erde, 1897) and Diels (Naturliche PflanzenfamiMen, 1899-1902), and is now generally 

aCCe Go e EBEL * has recently published an account of the Vittarie®, examining in particular 
the relationships of the genus Pleurogranma, included by Diels and other systematis s as 
a section of the genus Monogramma. This account is by no means complete and takes little 
or no account of a number of important criteria, such as the vascular anatomy an he origin 
of the sorus which have proved themselves to be extremely useful when making systematic 
comparisons. The only other general account of the Yittarie® of which I am aware is one 
bv Benedict,! which, on the writer’s statement, deals “ almost entirely with the comparative 
external morphology and venation of the genera and the probable relationships indicated 
by these characters.” Although Goebel and Benedict, together with other writers who 
have described features of interest in single species, have given a considerable body of facts 
with regard to the Yittarie®, it has been thought worth while to give a connected account 
of this group in the present memoir; and especially since the conclusions here reached do 
not agree with those of previous writers. The present account is based on a critical examina- 
tion of a wide range of species, particular attention being paid to the vascular structure and 
other points previously neglected. The material for this investigation was kindly handed 
over to me by Professor P. 0. Bower in 1928, and to him my best thanks are due. The 
material for the most part was collected in J amaica by Professor Bower ; the remainder was 
from the Calcutta Botanic Gardens, kindly sent to this Department by Mr Burkill. In 
addition to the above, Herbarium specimens have been used where no preserved material 
was available, and I am greatly indebted to Professor Wright Smith for herbarium material 
of the rare Pern Hecistopteris pumila. 

A detailed description of the various genera will now be given, after which the general 
affinities of the group will be discussed, together with certain stelar problems which are raised 
by the anatomical construction of the forms examined. 
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of both of the sections of Hoorn and Radio vitt aria which contains admail number ofs^es 

previously included in §§ Tceniopsis of Hooker, ihe same wirei - section 

the external morphology and a few points in the anatomy of the species oi L^_w 9 
the tvwe species of which is V. remota, Fee. Whereas all the species in Benedict s section 
LvUiaria have' dorsiventral rhizomes and distichous phyllotaxy the species m the section 
Radioviitaria are stated to have radial stems and polystichous phj llotaxy. 


on 


5 UOIJUO ^ XV - 0 , 

The following account is based on species from both of Hooiam’s sections but miforui- 
nately, i have not, as yet, had an opportunity of examining any species belonging to 
new s ubgenus Radio v i it a/ria . 

I Uf a via lineata (L.), J. Smitli. 

Vitturiu lineata (Plate 1, A) has a wide distribution in the tropics and subtropics, . of _both 
hemispheres. The creeping rhizome bears the long, linear fronds m two ranks on its doA 
surface. The fronds are stated to be pendulous, so that the plants look like ImucW ; 

Together with a number of similar species, V. hmata was originally desci bed by J. bMirn 
under ibe separate genus Tmuopm, but this latter genus was subsequently given up ^ 
reunited by the same writer with Vitlmm. The name lmmpm is flamed b l Hoc , 
(Syn. Fil.) as a sectional name, and V. lineata may be taken as a 

section. The mat erial on which the following account is based was collected at Holly mo , 

J ' > "‘'‘i»«lo»,p.-Tlie stele of the mature rhizome is a dorsiventral dictyostele, very similar 
to the examples of this type of structure described by Gwyknb-Vaughan ( bruce doisi- 
ventral dictvosteles are frequently present in the rhizomes of the 

of this type of steiar structure may be given here. In the short »^™des there «p^enl 
a single horse-shoe shaped ventral menstele (fig. 1, A; fig. 2, A and B). T - ) 
in the form of a band ahut two traeheids in thickness and completely surrounded by a sheaU 
of conjunctive parenchyma. Both internal and external phloem are present as a sm le o 
in places double, layer of small, protophloem-like elements, the walls 

with hematoxylin. External to the phloem there is a well-marked pericycle ol ele . . 

and summnding Hie entire meristele is an endodermis, tins latter, it may be noted, 
the primary condition and shows a clearly defined Caspanan strip. 

The me, hod of leaf-trace departure (fig. 1, A-F) is as follows. As the node is approached 
a small meristele becomes detached from one of the arms of the horse-shoe and moves across 
to the Other arm. The leaf-trace then becomes separated from the axial stele as two strap - 
shaped strands, one from each side of the leaf-gap. This type of steiar structure as Hwynne- 
Vavouan has pointed out, is not far removed from solenostely and results from the tact that 

the leiil'-gtips only overlap very slightly. . . i i 

The rhizomes occasionally branch in a dichotomous manner, and there is m such examples 
an equal division of the vascular tissue, each arm having a structure similar to that described 

The Frond . — The linear fronds attain a length of 18 inches and a breadth of § inch. There 
is a, distinct mid-rib, and on either side of if there is a single line of much elongated a most, 
recfan<mlur areola*. The venation of the fronds of young plants lias been described arid 
figured" by Britton and Taylor, the stages passed through resembling those figured for 
Antrophyum species and Amtmm (tigs. 20 and 30). The first-formed fronds have a single 

* Bene wot, “ A Revision of the Clonus Vittaria." Hull Toney Bui. Club, xli, 1014. 

f G Wynne- Vaughan, “ Observations on the Anatomy of Solenostelic Ferns, Part II, Ann. But., vol. xvu. 
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Vittaria elongata, Sw. 

B) is the only species included in the section Euvittaria by Hooker 
i&bit it closely resembles V. lineata, but it appears to be confined to 

of the bonus Vittaria, .1 . E. Smith,’ ’ Bull. Toney Bot. Club, voL xli, arid the older, but apparently 


V. ebngo 
(Syn. Fil). 

* URNV.hi 
\m\ rfUitei 


scales of very characteristic structure, which holds with small, but from the taxonomic point 
of view important, variations throughout the genus.* The characteristic appearance of this 
type of scale is due to the localisation of the thickening to the anticlinal walls, the superficial 
walls remaining thin and transparent. This differential thickening gives a lattice-like appear- 
ance to the whole scale. 

Sporangia . — The sporangia are borne in two deep grooves over the marginal commissural 
veins. The arrangement of the sporangia is. very irregular, but they are so placed that the 

annulus of each is able to function 
without interference from neighbouring 
sporangia (fig. 3, E). Intermingled with 
the sporangia are very numerous para- 
physes with club-shaped end cells (fig. 
4, B). These paraphyses apparently 
serve to protect the sporangia in the 
earlier stages of their development 
(fig. 3, D), but it is not known whether 
they have any function at a later stage. 
The development of the sorus is indi- 
cated in fig. 3, A-C, which are from 
unpublished drawings kindly handed 
over to me by Professor Bower. They 
show very clearly that the origin of the 
sorus is intramarginal, the true margin 
of the leaf forming the outer flange of 
the sporangial groove. The development 
of the sporangia appears to follow the 
usual course characteristic of the higher Leptosporangiate Ferns. The sporangia (fig. 4, A) are 
marked by a number of features which are common to all the forms of the Yittariese examined 
by me. The capsule has a vertical annulus of fifteen or more cells. The stomium is four-celled 
and the epi- and hypo-stomium each consist of two cells. The spores are reniform in shape 
and have a smooth surface. Spore counts yielded the numbers 52 and 61, indicating that 
the typical number for each sporangium is probably 64. The stalk of the sporangium is 
peculiar; it is single-celled at its base, but a little below the capsule it consists of several cells. 
The curious nature of the stalk has a definite relation to the dehiscence of the sporangium, 
which has been studied in living material by Britton and Taylor. They state that “As the 
sporangium ripens all the cells of the upper part of the pedicel become inflated and throw the 
sporangium back, so that when the split occurs, and the lip cells open by the everting of the 
annulus, the spores have a less interrupted access to the opening of the groove, their original 
position being such that did they keep it during the discharge of the spores many of them would 
become entangled among the branches of paraphyses from which they would be powerless 
to .escapfe.’!’ .Ay J 


- Vittaria. lineata . A, sporangium ( X 200). B, parapkysis ( x 200). 
' C, transverse section of mature frond ( x 20). 
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Fia. fi,— The. stele of Yittaria elongata. at the level of B in fig. 5. ( X 75.) appear to be related ill any 

way to the insertion of the 

leaves, the details of one such branching are shown in fig. 5, F— L . In this particular 
example a leal is given oil from each branch immediately after the bifurcation has taken 
place, and the changes leading up to the departure of these leaf-traces are initiated before the 
actual branching occurs. As a result of the changes in the conformation of the stele leading 
up to the branching, each shank is supplied with a stele essentially similar to the parent one. 
At no level of the branching is there a gap in the endodermis. 

v Fhe trond. The fronds resemble those of F. lineata in general appearance, though in 
the specimens available for examination they are considerably broader. The venation of a 
sterile frond is indicated in fig. 7, F. Spicule cells are present in the epidermis. 

Dermal J, ffmkges.— The surface of the rhizomes and leaf-bases is covered with clathrate 
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A CRITICAL EXAMINATION OF THE VITTARIEiE 


Sori and Sporangia.— V. el&nffata '.(together with V. SikMmensis and sulcata according 
to Christ) is characterised by the fact that the sporangia are situated in a marginal groove. 
It was unfortunately impossible to determine whether the origin of the sorus is truly marginal 
or not. In the youngest fronds available for examination the sporangial groove is already 

clearly defined, and it is impossible 

to determine the origin of the two dpi 

possible from comparison wiili 1 . 'Sp 

lineata that the outer flange is / 11 

formed by the true margin of the ^w~q Tv Jw/X)* \\ lfy‘ -v 

leaf, and that the origin of the sorus tpK 

is iherefore slight ly in tra marginal. il JJ 

As the frond matures the sporangial l_ hr 

groove widens somewhat and the ^ — l JT U / f 

sporangia arise at, its base in a /rfv \A n 

“mixed ” condition. The sporangia AVI \\i / 

(fig. 7, A) are associated with 15/ a 

branched para jdiyses, the end cells l \l V 

of which have a very curious and ' \ 1 /j 

characteristic shape (fig. 7, B). The f __ ^ 1\|/| 

annulus is generally vertical, though ( \ \l I 


7, -Vittaria dmiffakt. A, sporangium. B, .paraphyeiis ( X 200). 

v ertical sections of successively' -older, sori- { X 22). F, venation of sterile 
frond (x 2). 
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al lines of areol® on either side oi the mid-rib— a conctmon similar to tnat 
yphyum ; and, on the other hand, the sporangia are arranged in two definite, 
slightly intramarginal lines as in Vittaria. This combination 
v of characters has resulted in this form having a very varied 

systematic history. It was originally described by 0. Swartz in 
1|\ 1788 as Pteris angustifolia. Since then it has been placed in a 

1 number of different genera by various systematists. Desvaux 

i (Prod, de la famille des Fougeres, 1827) and Presl ( Tentamen , 


folia, and this arrangement has been followed by Christ (Die 
Farnkratder der Erde). Benedict (loc. eit.) also retains this form 
as a separate genus, Anantkacorus, Underwood and Maxon, a 
generic name which does not appear to have been generally 
accepted. Christensen and Diels have, however, included it in 
the genus Vittaria, the latter writer making a separate section 
for it, viz. Section III, Pteropsis, and it is the opinion of the 
present writer that this last arrangement is probably the best one, 
having regard to the facts which will now be described. The description is based on a speci- 
men collected by R. H. Schomburg-k in British Guiana in 1837. 

Anatomy. — The mature rhizome has a typical dorsiventral dictyostele. In the internode 
there is a single U-shaped meristele, the xylem of which forms a narrow band one or two 
tracheids in thickness. Both internal and external phloem are present as a practically com- 
plete band of small, protophloem-like elements. The endodermis is in the primary condition, 
and the pericycle consists of a single or double row of relatively large elements. The method 
of leaf-trace departure is indicated in fig. 9, A-D ; it is similar in all essentials to that described 
for V . lineata. 

The Frond. — The fronds, which are 12-18 inches long and about half an inch broad, are 
inserted somewhat irregularly in two rows on the creeping rhizome. The laminal portion 
shows a very distinct mid-rib, and on either side of it there are three or four rows of elongated 
hexagonal meshes (fig. 9, E), thereby differing very markedly from all other Vittaria species. 
There are no points of particular interest in the structure of the lamina except that spicule 
cells of large size are present in the epidermis (fig. 9, G). 

Dermal Appendages. — The rhizomes and bases of the petioles are covered by clathrate 
scales (fig. 8). These approximate in their structure much more nearly to those of Vittaria 
than to those of Antrophyum, the rhizoid-like structures, so characteristic of the latter, being 
entirely absent. 

Son and Sporangia.— The sori form almost continuous lines in a submarginal position 
(fig. 9, E). The sporangia are inserted in a broad groove over the marginal vein, although 
the groove , may extend over the whole of the marginal areola where the latter is small. 
Intermingled with the sporangia are numerous paraphyses with club-shaped end cells (fig. 9, F). 
I’lie sporangia are very similar to those of the other Vittaria species examined. The material 


Fig. 8. — -Clatlirate scale of Vittaria 
angustifolia. (X 22.) 
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have sporangia with a two-celled stomium, possess sclerenehyma m their rhizomes, and that 
clathrate scales are absent from their rhizomes and leaf-bases. It is clear therefore that 
Benedict was correct in stating that “there is ample evidence to show' that they are not only 
not to be included in Monogramma, but they may not even be retained in the tribe Yittarieie.” 
Pleurogramma must, then, be reinstated as a substantive genus (with affinities elsewhere than 
with the Vittariese) and Monogramma limited to the Eumonogramma types. This confirms 
the arrangement of Presl, who not only recognised the two as separate genera but placed 
them in different tribes. Christ (1897) also recognised the tv'o as separate genera, but he 
included both of them in the Yittarieae, a course which does not appear to be justified. Goebel 
( loc . cit., 1924) holds the view that the Eumonogramma species would be better separated into 
two genera, namely, Monogramma and V aginularia, Pee. The former genus would contain 
those species, not possessing lateral veins, the latter those possessing lateral veins. Going 
along with this difference of venation are differences in the detailed structure of the paraphyses 
and in the type of stomata. These differences appear to be too small to justify generic separa- 
tion of forms which are almost identical in their anatomical construction, in the structure of 
their sporangia and in the form of their clathrate scales. Moreover, the species of the Eumono- 
gramma section show a gradual transition from forms almost identical with Vittaria species 
to the extreme simplicity of the M. graminea type. For the purpose of this memoir, then, 
the species will be described under the genus Monogramma, Schkuhr, this genus being now 
limited to those forms included by Hooker and other systematists in the section Eumono- 
granme. The number of species included in this latter section varies considerably in the 
different systematic works owing to the fact that the delimitation of the species, as in Vittaria, 
is a matter of considerable difficulty. The species which will now be described illustrate, 
however, the extremes of variation to be found within the genus. 


M. paradoxa (Plate I, 0) is a relatively small, grass-like plant found in Ceylon, Java, 
Philippines, and Polynesian Islands. It has a very slender rhizome, on which the fronds are 
arranged in two rows on the dorsal surface. The fertile leaves possess lateral veins, and on 
account of this feature Goebel places this species in the genus V aginularia, Fee. The following 
account is based on herbarium specimens collected by Lobb in Java. 

Anatomy. The anatomy of the rhizome is very similar to that of M. graminea, and as 
the material of the latter species was more suitable for examination the detailed description 
of the anatomy will be given for that species. It may be briefly stated that the stele is proto- 
stehc with a V-shaped xylem mass, and that the leaf-traces depart as single strands from the 
two arraf! of th ® Y-shaped mass alternately. As in M. graminea, an equal dichotomy of the 
axis sometimes occurs. The structure of the root is very simple, the small stele possessing 
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*b eclerf ‘ . r mined the sporangia are borne in a single groove which 

ex rtrr :sl. ^ ^ * B _, 

and in the specimens figured by - III 

Hooker, the sporangia! groove / \ 

is double in the broadest por- | \ 

lion of the frond, becoming j | ‘ 

single in the narrower distal | j /V W JpCi A 

region. The morphology of | \c<^ c 

the sporangia! grooves and the j| f] 

ridges bounding them has been | j | / \ 

discussed, at length by Goebel | l| \\ I 

(/or. 1924), but no satisfac- t || \X 3 

torv conclusion can be readied \ || ^ _ — ^ F Sm 

until the ontogenetic develop- A \ || jS j jf 

ment of the fronds has been I 0 JM | 

traced. The double-groove con- |l | ^ IF 

dition appears, however, to be II I 1 ’ 

comparable with such a form k 1 E Ik 11 

.as V. lineata , and the single- 1 | \ \ I 

groove condition may possibly % | Jy| W / 

be regarded as a reduction from 

The sporangia (fig. 10, E) 1 B pgtf I 

are of the usual Vittariaceous h g 

type, with an annulus of 15— lb . p M} lt) . — MoHogramum prtradoxa. A, sterile frond. B, fertile frond. C and O, 

«* •““* » '<>”•“« ™ MS 

The Sporangial Stalk is single. region. H, clatlirate scale ( x 44), 

celled below, but immediately . . rnl , 

1k,u,,Ui the capsule it is scveral-celled, as in the sporangia of Vittana species he paraphysts 
(fig. 10, P) which are intermingled with the sporangia are of a very simple type and ch ei 
from those of most other Vittariese in not having club-shaped end cells. 


Fi«. 10 .— Monogranum paradoxic. A, sterile frond. B, fertile frond. Cand D, 
sections of fertile frond at levels indicated (A-D after Benedict). E, spor- 
angium ( x 135). F, paraphysis ( x 135). G, diagram of venation m fertile 
region. H, clathrate scale ( x 44). 


Monogramnia trieJwidea, J. Sm. 

This species from the Philippines and Borneo is a very small one, with an extremely slender 
rhizome and thread-like fronds :! -1 inches long. On account of the presence of lateral veins 
(he species is another of those included by Goebel in the genus Viujmulana. The following 
account is based on herbarium specimens collected by Citming in Luzon, the largest of the 

Philippine Islands. 7 ' - . . A11N 

Anatomy. — The anatomy has been briefly described by Goebel (< Organoyra'phie , p. dll), 
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and I have been able to verify this description. The stele is protostelic and is surrounded by 
an endodermis in the primary condition. The xylem consists of a horse-shoe curve, one or 
at most two tracheids in thickness. Phloem is present on both the dorsal and ventral sides 
of this and there is a well-marked pericycle. The leaf-traces depart alternately from the right 
and left of the stele as very small and simple strands. Fig. 11, A is a slightly diagrammatised 
drawing of a dichotomously branched rhizome cleared in Eau de Javelle and stained with 
ammoniacal fuchsin. An interesting point is that in the older portion of the rhizome there 
is a definite relationship between the insertion of the roots and leaves, there being one root 
at each leaf insertion. 

The Frond . — The sterile fronds have a very simple structure showing an indistinct mid- 


blih 1 • Monogramma trichoidea. A, rhizome cleared in Eau de Javelle and stained 
ammomaeal fuchsin, showing the general course of the vascular strands and a did 
tomy of the rhizome ( x 14). B, fertile frond. C, venation of sporangif erous regioi 
-D, transverse section of the fertile region of a frond ( x 55). 

rib and no lateral veins. The fertile fronds (fig. 11, B) show two or thr< 
regions, each about ± inch long, and in these regions the frond is somewha 
vie fronds- of M. par adorn, the venation is obscure, but after treatment wit' 
and ammomaeal fuchsin it is possible to make out that in each sporangif e : 

ra V6m Wluet rurrs parallel to the mid-rib (fig. 11, C). Goebel states' 
the lateral -vein joins up with the rmd-nb to form a single areola. 

Numerous long.spieule cells are present in the epidermis. 

Dermal Appendages. -The clathrate 
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,hich are mixed with branched paraphyses, are 


the single lateral vein. The sporangia, wttcn are nn^u — — . - - 

almost identical with those of M. paradoxa. 

Monogramma graminea, Schkuhr. 

M. (iraminea (Plate I, D) is another small form, with fronds about 2 inches long, which 



A V — / E 







Pltl. n.-Mononrammtgrmmnea. A-D, Berk* of transverae sections of a mature rhfeome ia the region of branch- 
injj ( B, transverse section of rhizome ( x 14). V and 0, details of stele ( x 2<>.>). H, fertile region 

of frond. I, transverse section of frond in fertile region. J, sterile frond. 

is found in Cape Colony, Mauritius, and the Reunion Islands. The following account is based 
on herbarium specimens collected in the last-named habitat. 

Anatomy . — The stelar construction of the small fleshy rhizome is very simple. In the 
internodes the stele (iig. 12, F) is a. small crescent-shaped structure, the xylem being m the 
form of a horse-shoe curve of twelve to eighteen tracheids. The xylem is surrounded m turn 
by a parenchymatous sheath, phloem, a pericycle, and endodermis, this latter being in the 
primary condition. The phloem, as in Vittaria, is composed of small protophloem-like elements. 
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is abstracted off from the other side ol tne axiai weie. 

Branching of the rhizome frequently occurs m a typically dichotomous manner. As 
the level of blanching is approached the stele broadens out. the xylem mass becoming very 
hroadlv D-shaped. The stele then takes on the double U-shaped conformation shown m 
4g 1-2," C, and finally each arm of the branching is supplied with a strand similar m all respects 

to the parent axial stele (fig. 12, D). , . . A \ 

The root-traces depart from the ventral side of the stele, but their insertion does no . 

appear to he related to the insertion of the leaves. . ■ mi • i + i 

The Frond . — The fronds of M. graminea are exceedingly simple, lhe single strand 
which passes off from the axial stele remains undivided throughout the length of the linear 
frond UR 12, J), lateral veins being absent in all the specimens examined. _ Anatomically the 
frond is very simply constructed and resembles closely that figured for M. triclioidea by Goebel 
(Organ., p. 1046). * The vascular strand, as seen in section, consists of two or three tracheids 
surrounded by’a small amount of phloem, a conspicuous pericycle, and an endodeimis. 

Dermal Appendages .— The surface of the rhizome is clothed with clatlirate scales very 

similar to those described for Vittaria species. 

8‘porangia . — The fertile region of the frond is distal and occupies about half an inch at the 
apex of certain of the fronds (fig. 12, H). A section across the fertile region shows that tin 
sporangia are seated in a deep groove formed apparently by a folding of the lamina (fig. 12, 1) 
A knowledge of the ontogeny of the fertile frond is required before a correct morphologica 
interpretation of the fertile region can be advanced. The sporangia' themselves are verj 
similar to those of Vittaria species. They have a similar type of stalk dilated in the dista 
region. The capsule has an annulus of fifteen to twenty cells; the stomium is four-celled; anc 


Antrophyum, Kaulfuss. 

Antrophyum is described by Hooker (Syn. Fil.) as “ a small genus of closely allied species 
almost restricted to the tropics, all with simple fronds of firm but fleshy texture and copious 
uniform hexagonal areola*.'’ Christensen ( Index Fil.) gives twenty-seven species, but Diels 
(Pflanzenfam.) and Hooker only give sixteen species. This discrepancy is accounted for by 
the fact that the limits of many of the species are not at all clear. The species are divided by 
both Hooker and Diels into two groups according as to whether the sori are sunk in a groove 
or whether they are superficial or but slightly immersed. Benedict has recently removed 
d number of species of A Htfophytiwi into u sepcirute genus P o lytcBuiufti, Desv. ? muinly on the 
of differences of vonution unci .geogruphicul distribution. The genus Autfophyuiu is 
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m nticulatum. A.-Q, series of successive transverse sections of the stele of the rtnzon 
seedling plant in order from below upwards. Description in text. ( x 70.) 
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elements, extinguished by their small size and by tt. M “ 

oil a. m . ti .. 1 . break' in the enclodermis during this process, nor is the 

T 1 ? an" ' y te departure of the leaf-trace. The second and thrrd 

the lower internodes, but at higher levels (fag. 14, D) the a ms ol the xpem o 
to the dorsal side so that a practically complete ring ol xylem is formed 

by coniunetive parenchyma, phloem, pericycle, and endodermis. Ifae mtaior ol the ^ 
,wZied bv lai-e-celled parenchyma and a few phloem elements. The fourth leal-trace 
demrriffroru this stele in the manner indicated in tig. 14, E. The fifth lea -trace departs m 
,. J imilar f as hion. In the basal region of the sixth internode (fag. 14, fa) the stele shows 

! . Uqftpned curve of xvlem with phloem present round the convex side of it. As 
theTntemode is traversed the xylem curve closes round to the dorsal surface so that a practically 

(fag. 14, G and Plate III, D). At this level there is a ring of external 

nhloem-’ internal phloem is present on the dorsal side of the stele only, and no internal endo- 
\ • • • i r ,f u; rv 14 H and I indicate the way in which the sixth leaf-trace departs 

a^e^taiS of^l“ Sh internal and external phloem. The seventh M- 
trace^epTrt^in a very simL manner. As the eighth internode is traversed the xylem again 
forms a rhi" one or two tracheids in thickness and of considerably greater diameter than th 
xvlic riims observed in the lower internodes. It- is surrounded on the outside m centiiiu to a 
ofder bv & coniunetive parenchyma, a complete ring of phloem, pericycle, and endodeimis 
tLx^em ring are coniunetive parenchyma, a hand of phloem in the dorsal and lateral 
^«YtTg“l5led parenchyma in the centre. At higher levels, ne, approaching th 
ci-dith node a small circle of internal endodermis makes its appearance, indicating a s 
ttZZ in of t e endodermis at the node (fig. 14, J). The eighth leaf-trace leaves the 
SJTlSle 1 1 ^manner indicated in fag. 14, K and L The trace has • — ic x^m 
av hicli is for the most part only one inieheid m thickness, phloem VI - - 

r uuUl'lial surfuces. The ninth, tenth, and eleventh leaf-traces depart rn a very 
similar manner to the eighlh, and the only point which need he noted , s t hat 
suhse(im>n( leaf-traces divide into two portions during their passage tlnou fe h . ■ - - , 

tint t vo strands enler the petioles of these leaves. Internal endodermis makes its appearance 
low down in the twelfth internode indicating a deep pocketing in of the endodermis at he 
twelfth node. As a result of this a solenostolic structure is seen m the upper portion of 
internode (fig. 14, M). The twelfth leaf-trace leaves in the manner indicated m fag. 14, , 

and from this level on to the seventeenth intemode a typically solenostelic type of s ,ruc ,uie 
is present, the only point of interest being the deficiency of the internal phloem on the veil ra 
ski of the stele (fig. 14, P, Q ami Plate ill, E). The first divergence troiu normal so eno- 
stelic structure was observed in the seventeenth iniemode. As the is traveled he 

sixteenth leaf-gap becomes closed so far as the endodermis is concerned (fag. lo A) but the 
xylic gap remains open. There is here, then, a complete ring of external and internal endo- 
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detached from the axial stele (tig. 15, 0). It may be noted that this type of structure * is on 
the border-hue between solenostcly and dorsivcntral dictyostely. The eighteenth and nine- 
teenth internodes revert to the normal solenostelie structure and show no points of particular 
interest. At the base of the twentieth internode the stele has the usual horse-shoe form. 
As the node is approached changes take place in the conformation of the strand as indicated 
in fig. 15, 1), h, and h. The important point is the appearance of a. small dorsal meristele 
which moves across from one side of the leaf-gap to the other surrounded by its own endo- 
# PH* iMiea&s Ul< ' establishment of a, dorsivontral dictyosteiie condition similar to 
that described for the mature rhizome. The twenty-first internode and node revert to the 
■o.ei.o.'t.Jic tonuiliou, hut in the twenty-second node there is an indication of dorsiventral 
ch tvostelji being again initiated. At this level the strands of the specimen examined are in 

. I ,.;/■/ ■) T 118 tK( mriiig ion; illy hi the mature rhizome and the account of G Wynne- Vaugiian of the 
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the desmogen condition, and any further steps leading up to the persistent dorsiventral 

dictyostely of the mature rhizome were not observed. 

1 Boot .'—- -There is nothing of particular interest in the anatomy of the root, it having the 
diarch structure typical for the majority of Leptosporangiate Perns. The roots, like those 


of all the other Vittariese, 
are clothed with a dense 
mass of dark brown root 
hairs, so that the whole root 
system forms a spongy mass, 
probably in relation to the 
epiphytic habit of the plants. 

The Frond. — At the 
base of the petiole there are 
two strap-shaped strands, 
the detailed structure of 
which is shown in fig. 16, B. 
These strands divide as they 
pass up the petiole in a 
rather irregular, but gener- 
ally dichotomous, manner. 
The arrangement of the 
strands at the base of the 
laminal portion is shown in 
fig. 16, G, and this indicates 
that the mid-rib is formed 
by the union of the two inner 
shanks of a double dicho- 
tomy. The laminal portion 
itself shows up to eighteen 
almost vertical hexagonal 
areola*. The mid-rib, which 
is distinguishable at the base 
of (he lamina, dies out in the 
more distal portions of the 
IVond. Spicule cells are pre- 
sent in the epidermis (fig. 



c 


16, l>). 

Hernial . 1 jijjrndages. — . 
The surface of the rhizome 


Fig.,. Ifv— rit ntrophyum reticulatum . Ay clathrate scale ( x 52), B„ one of the two strands 
at the base of the petiole { x 205). C, arrangement of the vascular strands at the base 
of the laminal portion. I), small spicule cell and stomata ( x 435). 


is densely clot bed with clathrate scales of peculiar and characteristic form (fig. 16, A). They 
are relatively long and narrow, hut are fixed to the rhizome by a broad base of thin-walled 
cells from which spring brown, unicellular, rhizoid-Iikc structures. These latter resemble the 



root hairs and may possibly perform the same function. 

,s 'jiomiHjiu. The sporangia are arranged in grooves situated over the longitudinally 
running veins and are rarely found on the transverse connections of the areolae (Plate II, A). 
Pump hyson of the type shown in fig. 17, (3 are copiously intermingled with the sporangia. 
The latter are very similar in construction to those described for Vittaria species. They 
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possess a four-celled stomium and an epi- and hypo-stomium each consisting of two or three 
cells. The stalk is similar to that described for Vittana sporangia, being one-celled at its 

base and dilated just below the capsule (fig. 1/, A). Spore counts 
yielded the numbers 58, 58, and 59, indicating that 64 is probably 
the typical number for each sporangium. The spores aie tetra- 
hedral in form (fig. 17, B). 

Antrophyum plantagineum (Cavan), Kaulf. 

This species has a wide distribution, it being described by 
Hooker as occurring in Ceylon, Himalayas, Malay, the Philippine 
and Polynesian Islands. The general form of the species is shown 
in Plate II, B, and it will be seen that it closely resembles A. 
reticulatum. The fronds are from 6-9 inches long and from 1J-2 
inches broad. They are inserted in a rather irregular manner on 
the dorsal side of the creeping rhizome, and are closely crowded 
together. 

Anatomy . — The creeping rhizome is a fleshy structure, the 
ground tissue being entirely parenchymatous. The anomalous 
stelar structure of this species has received brief mention from 
various writers, notably Gwynne- Vaughan * and TANSLEY,f who 
both regard it as being reduced; and by Jeffrey, % who states 
that the peculiar features are to be “considered as indications of 
specialisation away from the usual concentric tubular type of central 
cylinder.” The descriptions given by the above writers are very 
brief and omit several points of interest, so that a more complete 
description may now he given. 

In a transverse section through an internode the stele appears as a cylindrical structure 
which is very small compared with the diameter of the rhizome (fig. 18, A). The xylem is in 
the form of a ring, one or two tracheids in thickness, and in which no definite protoxylem 



‘Fig. ll.^AntwphyiiM reticula r 
turn. A, sporangium. B, 

.. '.spore, -CV'.paraphysis. (All 
. x 200.) 


elements can be distinguished. Outside the xylem ring in centrifugal order are the following: 
a sheath of parenchyma; a more or less complete ring of phloem (composed of very small 
elements, very similar in appearance to the protophloem of other Ferns) ; a pericycle of one to 
three layers of large Cells; and an endodermis which is in the primary condition, showing a not 
very clearly defined Gasparian strip. The interior of the xylem ring is occupied by parenchyma, - 
though there are a few phloem elements in a dorsal position; no internal endodermis is present 
(fig. 19). The method of leaf-trace departure is indicated in fig. 18, B-F. There is an endo- 
dermal pocket formed at the node, and, during the departure of the leaf-trace, no connection 
is established between the cortex and the pith. The xylem ring remains open for a short 
distance, but it is closed again before the next leaf-trace departs. The C-shaped trace consists 
of a crescentic band of xylem with phloem on both sides of it, the whole being surrounded by 
endodermis. After .passing rapidly through the cortex this trace divides to give the two 
htcauds which are present at the base of the petiole. , 

\ 1 77u: Fro tu/. •• -The frond has a reticulate venation very similar to that of A. reticulatum. 

There is no definite mid-rib except in the proximal portion of the lamina. The venation of 

1 B IIIS HHH HR U J>. 1 % 6 . , | : S 

t Tamhuss, Lectures mi the. Filicuutan Vascular System. 

% Jbtorjsy, Trans. Bay. Soc. Land., B, voL cxcv, 1903. 
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the leaves of young plants is indicated in fig. 20, A-C. The earliest formed fronds have a 
single vein; a number of the next formed ones show a simple dichotomous structure, though 
even at this stage the two shanks of the dichotomy are united at their tips to form a single 





Fxo> l S . —A ntmphyum plantaginmm. A-~F„ saries of transverBe sections of «i mature rhizome 
in sequence from below upward*. ( x 14.) 

areola; in later formed leaves the reticulate condition is well established, although the under- 
lying dichotomous plan of construction is still evident. An interesting feature in the structure 
of the earlier formed fronds is the way in which the spicule cells are arranged round the margin 
(fig. 20, D). This suggests that the function, or, at any rate, one of the functions, of the 
spicule cells is the prevention of the tearing of the leaf-margin. 

Dermal Appendages .— The surface of the rhizome and leaf-bases is covered with clathrate 
scales very similar to those figured for A. reticulatum. 
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Sporangia — The sporangia,! arrangement (fig. 21, A) is very similar to that described 
for A. reticulatum. The sporangia (fig. 21, B) are large and have a spore output of 56 (as 
indicated by spore counts which yielded the numbers 53, 54, and 56). The annulus is vertical 



Pig, 21 . — Antrophyum pUmtagineitm, A, venation • and /sporangia! distribution . ( x 4). B, sporangium. 0, 
abnormal sporangium. D, spore. E, young sporangium. F,. transverse section stalk of sporangium immedi- 
ately below the capsule. -G, paraphysis. (B-G, x '200.) * 


and is composed of fifteen to eighteen cells; the stomium is four-celled, and there is an epi- 
and hypo-stomium each consisting of two cells. The stalk shows the same general features 
as in the sporangia of Vittaria species and A. reticulatum. The sporangia! structure is very 
constant, but occasionally anomalous types are found such as the one delineated in fig. 21, C, 
where the annulus is interrupted in the middle of its length for a considerable distance. Inter- 
mingled with the sporangia are numerous branched paraphyses terminating in large club- 
shaped cells which are dark in colour (fig. 21, G). 

TRANS. ROY. SOC. EDIN., VOL LV, PART I (NO. 9). 
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Antrophyum lineatum, Kaulf. 

A lineatum (Plate II, C) is somewhat divergent from the rest of the Antrophyum species, 
md it * has accordingly had a very varied systematic history. It was first described by 
3 SwAKra (1788) as Imicm itis Immta, and the same writer later (1799) renamed rt Ftitorm 
nnceolata K-vulfuss (1824) described it as Antrophyum hneatum, while Desvaux (1827) 
-daced it in the genus Polytcemum , and Presl (1886) in Loxogramme. Most later systematists, 
neludiim Hooker, Diels, and Christ, have placed it under Antrophyum, but Benedict 
ms recently described it under the genus Polytwnum, Desv. The present writer, however, 
regards it as sufficiently similar to other Antrophyum species to justify its retention m that 

5 The material available for examination was collected by Professor Bower at Holly Mount, 
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Fig. 22.—. Antrophyum lineatum. A-E, series of fronds from seedling plants, 
F, venation and sporangial arrangement. (All x 4.) 


Jamaica. According to Hooker, the range of the species is from “Cuba and Mexico to 
Ecuador and Brazil.” 

Anatomy . — -The stele of the mature rhizome (Plate III, A) is a typical dorsiventral dicty- 
ostele with both internal and external phloem. It is similar in all essential points to that 
described for A* T6tic%dc$wwi stud there® ore need not be described in detail. In the youngest 
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venation established. 

§££ are clathrate aealee very similar in form 

“* and almost editing Hues on *, 

side of 'the mid-rib (fig. 22, F). The arrangement of the sporangia ■“weil-dehned lines is 
different Horn the condition found in other species of Antrophyum. The difference is due 
to he fact that the areol® are almost rectangular in A. hneatmn whereas they are hexagonal 
in the species previously described. In all of them, however, the sporangia are inserted on 
the longitudinally running veins of the meshes. The sporangia are dee P 

with raised edges and are unmixed with paraphyses, which latter is another point of ditto 
from the species already described. The arrangement of the sporangia m the grooves is ve y 
regular, and their orientation is such that the annulus of each is able to function efficient y 

in suite of their closely crowded insertion. -*11 

The sporangia themselves are very similar to those of A. Mm showing a similarly 

constructed stalk, annulus, and stomium. Spore counts yielded the naolm* ^ “ d ^ 
indicating that the typical spore output for each sporangium is probably 64 lhe ontogenetic 
development of the 'sporangia follows very closely that of other advanced Leptosporangia e 

types. 

Antrophyum lanceolatum, Kaulf. 

This species differs from the species previously described in the fact that the sporangia 
are borne superficially on the surface of the frond. The fronds, which are a foot or more m 
length and about half an inch broad, have a distinct mid-rib, and on this account the species 
is placed in the genus Polytoenimn by Benedict. Hooker describes its distribution as being 
from the West Indies and Mexico to New Granada. The material used m this investigation 

was collected by Professor Bower in Jamaica. . „ „ 

Anatomy . — The mature rhizome possesses a dorsiventral dictyostele which is of small 
size in proportion to the diameter of the rhizome. In detailed construction the stele is very 
similar to that of A. reiiculatum except that the internal phloem forms a complete hand, not 
beino' absent on the ventral side as in the latter species. The vascular supply of the youngest 
rhizomes available for examination is solenostelie, each leaf-gap being closed, though on y 

for a short distance, before the next gap opens out. 

The Frond . — -The lanceolate fronds have a very distinct mid-rib and three or four rows 
of hexagonal meshes on either side of it. The marginal meshes are often incomplete, showing 
free vein endings. Spicule cells are present only in the upper epidermis of the specimens 
examined, and they are mainly disposed around the margin of the frond. 

Dermal Appendage *,- The elathrate scales which cover the surface of the rhizome are 
of the usual Antrophyum type, but they are mixed with simple hairs which are not present 

in any of the other species examined. _ ... . 

Sporangia *— The sporangia, which are borne superficially on the longitudinally mnmng 

veins, are of the same type as described for other species. Paraphyses are absent. Spore 
counts yielded the numbers 43 and 45, indicating that the typical number of spores produced 
in each sporangium is 48. 
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Antrophyum brasilianum, C. Chr. 

(~A. subsessile, Kunze.) 

be taken as an example of a broad-leaved form with its sporangia 
). The fronds are from 6-12 inches long and from 1-1 \ inches broad. 

They possess a distinct mid-rib, and on that account 
I" ! the species is included in the genus Polytcenium by 
I ; Benedict. Its distribution is described as being from 
§ ; Cuba and Guatemala to Peru. 

1 ! The general structural features are very similar to 

I J those of other Antrophyum species. A point of interest 
I J\ is that the mature rhizome sometimes possesses a more 
y\ / j advanced type of dictyostele than the dorsiventral dic- 

0 ] I tyostele owing to the overlapping of more than two leaf- 
| I i gaps at any one level. 

! \ ; Spore counts yielded the numbers 43, 45, 46, and 

1 | ! 49, indicating that 48 is probably the typical number 

j| ; of spores produced in each sporangium. 


the frond also being branched in a dichotomous manne 
anomalous in the Yittariese. Sprengel 
(1828) and Hooker (Syn. Fil.) included this 
form in §§§§ Eugymnogramme of the genus 
Gymnogramme, but J. Smith had already in 
1842 instituted the new genus Hecistopteris fP 
for its reception since, as he states in the 
Historia Filicum (1877), “it did not appear 
to me to form any natural alliance with any 
of the groups of species of that genus (i.e. / 

Gymnogramme).” The same writer points \ 
out that certain structural features “indicate \'T 1 
its relationship with Monogramma and 
Pleurogramma .” It remained for Goebel 
(loc. cit, 1896) to demonstrate clearly the b 
soundness of separating Hecistopteris from 24. 

Gymnogramme, and also the affinity of this ^ 
form with the other genera of the Yittariese 
on the basis of the anomalous structure of the gametophyte, the presence of spicule cells and 
the absence of selerenchyma from the shoot axis. 

The following account is based on specimens from the Herbarium of the Royal Botanic 
Edinburgh, kindly sent to me by Professor Wright Smith. The label accomnanv- 
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ing the specimens is as follows: “Plants of Trinidad. No. 132. Gymnogramme pumila, 
Anton Sprengel. Legit A. Fendler, 1877-80.“ 

Anatomy . — The material did not soak out sufficiently well to allow of any detailed 
anatomical study. It was possible, however, to verify Goebel's statement that the stelar 
structure of the rhizome is very similar to that of Monogramma species. Indeed, in the small 
specimens available for examination, the stele is even simpler than that of the Monogramma 
species examined. It consists of a small protostele, oval in outline, and possessing a short 
bar of xylern. The leaf-traces depart from this as very small and simple strands. The 
general course of-the vascular 
st rands in the rhizome is shown 
in fig. 24, which is a slightly 
diagrammatised drawing of a 
length of rhizome cleared in 
Bau de Javellc and stained 
with ammoniacal fuchsin. 

The Frond . — The first- 
formed fronds of young plants 
are single-veined, but even at 
this stage the outline of the 



frond shows a distal dicho- 
tomy (fig. 25, A). Later 
formed fronds show a single 
dichotomy (fig. 25, B), while 
the fronds of older plants ex- 
hibit a repeated dichotomy 
of the veins, the latter re- 
maining free and ending in 
little bundles of traeheids 
(fig. 25, D-G). The outline 
of the frond itself follows the 
plan of the venation, although 
the distal dichotomies of the 



frond are often in excess of 


E 



F 



the number of vein-endings. 

Numerous long spicule 
cells are present in the epidermis 


If 16 . 25 . — Hecistoptem pumila, A-G, series of fronds from plants of different 
ages, E and G showing son. 


and, apart from giving mechanical rigidity to the frond as a 


whole, their arrangement suggests that they also prevent tearing of the leaf-margin. 

Dermal Appendages . — The surface of the rhizomes and leaf-bases is clothed with small 
clathrate scales (fig. 26, E). They have very thick walls and are inserted on the rhizome by 


a broadened base. 


Sporangia . — The fronds reach a fertile condition at a very early stage, as is shown by 
fig. 25, E, which is a drawing of the frond of a young plant with only a double dichotomy, 
but which already possesses a sorus along one of its veins. 

The sporangia themselves are very similar to those of other genera of the Yittarieae 
(fig. 26, A and B). The annulus is vertical and consists of sixteen to twenty cells. The 
stomium is usually four-celled, but in some of the specimens examined it was five-celled. The 
stalk is single-celled belo w, but is dilated just below the capsule. It was impossible to determine 
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the exact constitution of the stalk owing to the poor preservation of the material. The spores 
(fig. 26, C) are tetrahedral in form, but no spore counts were possible. The sporangia are 

— mixed with branched paraphyses 

(fig. 26, D) of the usual Vittarieaee- 

jrSSm \ 0US ^P* 3 ’ ^ ie ^ )ranc l ies ending in 
Jjr I / |\| f swollen, club-shaped cells. 


Anetium, Splitgb. 

Anetium is a curious and an- 
omalous monotypic genus which 
has undergone various vicissitudes 
of classification. Originally named 
Acrostichum citrifolium by Linn- 
aeus, Anetium citrifolium has since 
been described under various gen- 
e eric names. Presl placed it under 
§2 Antrophyum of the genus Hemi- 
onitis as H. spatulata. Fee placed 
)! it in the genus Antrophyum, while 
I i Hooker placed it again under 
i. J | Hemionitis as §§ Anetium, remark- 
f | I ing that it is ‘ ‘ an anomalous species, 

I J* with the habit of Antrophyum.” 

I I John Smith and most later system- 
I I atists have described it under Ane- 
pf tium, Splitgb. Goebel and, more 
i I recently, Frau Schumann have 

I emphasised its relationship with 
I the other genera of the Vittarieas, 
I mainly on the basis of its general 
W form and the fact that spicule cells 
F are present in the frond. It is an 
epiphytic form of the West Indies, 
usually growing in very moist situa- 
tions. It has a comparatively 
izome, on which simple pendent leaves are inserted in two rows at rather 
Branching of the rhizome appears to be infrequent, but does occur occasion- 
1 upon which the following description is based was collected by Professor 


, spore. 1), para 
portion of epi- 


is more advanced in its anatomical construction than any 
s very different from the other genera both in its gross 
detail. The mature rhizome is fleshy and about a quarter 
of vascular tissue present is relatively very small. ■ ; u 
mes three meristeles are present (fig. 27, B-D). Of these, 
d this is situated in a ventral position, while the other one 
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meristele, from which the root-traces depart, is as follows (fig. 28, 0). The xylem is in the 
form of a shallow U-shaped curve one or two traeheids in thickness and frequently not con- 
tinuous. The walls of the traeheids are thin and only slightly lignified. Phloem is present 
on both sides of the xylem curve and consists of small elements whose walls stain deeply with 
haematoxylin. The meristele is surrounded by a one- to several-layered pericycle and an 
endodermis which is in the primary condition, showing an ill-defined Casparian strip. The 
structure of the small dorsal meristeles is very similar to this, except that the xylem is in the 
form of a straight bar of traeheids. 

The gross morphology of the stele is anomalous and difficult to relate to any of the types 
of stele usually present in the Perns. It varies in detail in different rhizomes, but in the 
specimens examined it is in the form of a dictyostele complicated by perforation. The general 




E*to. 27 . — Anetium citrifolinm. A, a length of rhizome showing the general course of the vascular strands. 

B-D, transverse sections of the rhizome. ( x 14.) 

appearance of the stele in a length of rhizome is shown in fig. 27, A, drawn from a model built 
up from successive hand sections, and the structure of the stele at a node a little way back 
from the apex is shown in Plate III, B. The leaf-trace departs as two strands, one from each 
side of the leaf-gap, and these divide while still in the cortex into four strands which divide 
again in the base of the petiole. A section across the base of the petiole shows a shallow horse- 
shoe curve of strands with the open end of the horse-shoe to the adaxial surface. 

The stele of seedling plants is in the form of a simple protostele (fig. 28, A). The xylem 
consists of a very small group of traeheids around which there are in centrifugal order: a sheath 
of large-celled parenchyma; a broken ring of phloem elements; a one- to several-layered peri- 
cycle and an endodermis. The leaf-traces are given off from this protostele as single, small, 
and simple strands without disturbing the xylem. The protostelie condition persists through 
a considerable length of rhizome. The xylem extends somewhat and forms a shallow U-shaped 
curve, resembling in miniature that of the ventral meristele of the mature rhizome (fig. 28, B). 
Even at this stage the leaf-traces depart alternately from the right- and left-hand side of the 
stele as single strands whose departure does not disturb the xylem of the axial stele. The 
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condition. A sufficient number of young rhizomes were examined to render it extremely 
unlikely that any intermediate conditions occur. 

Branching has been observed in a number of rhizomes of different ages, though in all 
the examples which were sectioned the stele had already attained the dietyostelic condition. 
These branchings are not, as far as could be determined, related in any way to the insertion 
of the leaves, and must be regarded as essentially dichotomous though showing an unequal 
development of the two shanks. Fig. 29, A-E represents a series of sections taken in 
the region of branching and indicates the unequal nature of the division of the vascular supply. 
As the level of branching is approached changes take place in the conformation of the large 



Fib. 29. , I nr Hum ntnfoUum. A-K, of transverse* sections in the region of branching of a young rhizome 

* >'■ FI). F H, stele at levels of B, (\ and I). \ and J, branch stele (F-J, x i >5). 


ventral meristele with the result that it assumes the curious conformations shown in fig. 29, 
F, (1, and finally the smaller branch-trace is ahstricted off (fig. 29, fl). One arm of the 
branching continues with its vascular supply still dietyostelic and closely resembling that of 
an unbranched rhizome. The side of! he oilier branch (fig. 2H, 0) is unlike anything observed 
in the struct, uve of nn branched rhizomes, either in the mature condition or in the ontogenetic 
stages. The xylem is in the form of a broken ring of relatively large tracheids. The centre 
of the stele is occupied by parenchyma mixed with tissue, the walls of which stain deeply with 
hematoxylin and which is probably internal phloem. No internal endodermis is present. 
Outside the xylem is a practically complete band of phloem, and the whole stele is surrounded 
by a somewhat irregular endodermis in the primary condition. In the material available 
for examination it was unfortunately not possible to observe the departure of any leaf-traces 
from this branch stele. Further along the branch changes take place in the conformation 
of the vascular strand. The xylem ring becomes broken on the dorsal side and appears first 
TRANS. ROY. SOC. EDIN., VOL. LV, PART 1 (NO, 9). 33 
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as a U-shaped curve, and later as an almost flat plate (fig. 29, I and J). It was impossible to 
determine whether the branch stele ever becomes dictyostelic. 

The Frond .— The fronds measure up to 9 inches long and 2 inches broad and are shortly 
petiolate. At the base of the petiole a shallow horse-shoe curve of strands is present, the 
two central ones moving together at a higher level to form the mid-rib which remains distinct 
except in the distal portions of the frond (fig. 30, D and E). Eight or nine hexagonal meshes 
are present on either side of the mid-rib, the marginal ones being incomplete and showing 
free vein-endings. Spicule cells (fig. 31 , A and D) are scattered throughout the upper epidermis 
and a number of very large ones are arranged round the periphery, presumably for the purpose 
of preventing tearing of the leaf-margin. 

The venation of the fronds of young plants is indicated in fig. 30, A-G. No stage was 
observed in which only a single vein is present, which is a point of difference from the fronds 


•Anetium citrifolium. A-C, series of fronds of young plants ( x 4). D, transverse section at the base of 
the petiole ( x 14). E, transverse section at the base of the lamina ( x 14). 


of seedling plants of Vittaria, Antrophymn, and Hecistopteris. The first frond shows a simple 
dichotomy, while subsequent fronds show a sympodial development, and finally the establish- 
ment of the reticulate venation characteristic of the fronds of mature plants. The surface 
of the fronds of young plants bears what are presumably glandular hairs. These are small 
club-shaped structures consisting of about three cells with dense granular contents (fig. 31, D). 
Similar hairs have been described as occurring on the fronds of Vittaria lineata. 

Boot Structure . — The roots arise in an irregular manner all round the ventral side of the 
rhizome. They resemble those of other Vittariese in that they are densely clothed with brown 
root hairs. The structure of the root stele is exceedingly simple (fig. 28, E). There are two 
groups of lignified elements each consisting of one or two tracheids, and two small groups of 
phloem alternate with these. The stele is surrounded by a large-celled pericycle and an endo- 
dermis. The cortex is entirely parenchymatous. 

Superficial Appendages. The surface of the rhizome and leaf-bases is clothed with very 
broad elathrate scales, similar to those of Antrophyum species except that their walls are much 



The Gametopiiyte. 

The structure of the gametophyte of Ferns is so simple and shows so little differentiation 
in its tissues that it. does not usually provide many characters of importance for systematic 
comparison. This is particularly the case in the more specialised groups of Ferns where the 
prothallus is almost always of the heart-shaped type, though liable to modification under the 
action of various environmental conditions. Professor Bower f has already pointed out 
that “the form and physiology of the prothallus may provide material for comparison, though 
this is not very reliable since it varies readily and often directly with the external conditions.” 
The prothalli of the Vittarie®, in the three genera where they are definitely known, are 

* Schumann, “ Die Acrosticheen und ihre Stellung im System der Fame,” Flora, N.F. 8. 
f Bower, F. 0., Filicales , vol. i, p. 62. 
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less strongly thickened. As in the scales of Antrophyum species, the cells at the base remain 
thin-walled and give rise to rhizoid-like structures. 

Sporangia . — The arrangement of the sporangia is peculiar and anomalous, and has 
attracted attention for a considerable time. The sporangia are inserted in small groups 
superficially, both over the veins 

and on the intervening paren- v .. \ \ k | 

chyma of the areola? (fig. Bl, A). \ \ ' t \ ; < 

Each group of sporangia is situ- ^ •. ^ \ 1 XJQa 

a ted on an area of very small \ j ' s \ V jXkvK)^ 

cells, which arise, according to ' N y A \ \ j 

Frau Schumann,* in the follow- | V-iy \ f\ \ \ 

ing manner: A group of three \J'pA "V y \ \ \ 

or four epidermal cells divide lyy \ r’A 4 \ \ \ 

by walls parallel to the surface. \ \ \ \ /\1 Cpy/lWVrNAA 

In the outer cells cut off in this \\ N. y'V •* \ \ \ yWA rSA^vTV^rv 

way anticlinal walls are formed, 1\\ \ \ \ [ s O \ VV^GVv A s' 

so that a group of very small \ \ \ \ \ \ a 

cells is produced. It is from 
these cells, which possess densely 

granular contents, that the spor- " — -'S/ Jk-L. J 

angia arise (fig. 81, C). 0 / \ 

The individual sporangia ^ ( V / 

(fig. 81, B) are very small com- y 

pared with those of Antrophyum. wg " \ / ~ 7 ' 

They are short-stalked, the stalk l^y—^ K, 

being three-celled below the cap- y p \~S~ 

sule but tapering down to a ' ’ B ^y~-{ — \ 

single cell at its base. The an- N * \ c 

11 ulus IS V ei tical and consists of Bte. 31. — Aneliumcitnfotiitm. A, j>oi‘tion of frond showing venutit.n and sporangial 
twelve to fourteen cells. As in distribution and peripheral spicule cells ( x 4). B, sporangium ( x 200). C, 

- f] a • .* li. » . • group of small epidermal cells from which the sporangia arise ( x 200). D, 

Ol 161 \ lhtcUiedB, 1110 btomium portion of lower epidermis showing stomata, a spicule cell, and glandular hairs. 

consists of four cells and the epi- 

and hypo-stomium of two cells. The spores are tetrahedral in form. Spore counts yielded 
Ihe numbers 29, 82, 80, and 46, indicating that there are typically 82 or 48 spores produced 
in each sporangium. 


Fig. 31 .^AnetiumcitrifoUn-m, A, portion of frond showing venation arid sporangia! 
distribution and peripheral spicule cells ( x £). B, sporangium ( x 200). C, 
group of small epidermal cells from which the sporangia arise ( x 200). D, 

■ portion of lower epidermis showing stomata, a spicule cell, and glandular hairs. 
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epiphytic, and it is not surprising, in view of the plasticity already mentioned, that they all 
show characters divergent from the common cordate type. The prothalli of Vittaria, Mono- 
gramma, and Hecistopteris have been accurately investigated, chiefly by Goebel* and, in 
the case of V. lineata, by Britton and Taylor.j In all of them the prothallus is a very 
irregularly lobed structure and vegetative reproduction by proliferation, and the production 
of gemmae is a characteristic feature. The archegonia and antheridia do not diverge from 
the usual Leptosporangiate type. 

Nothing definite is known concerning the prothalli of Antrophyum and Anetium. 

Stelar Problems. 

The steles of the Vittarieee have attracted attention for a considerable time on account 
of the fact that they frequently exhibit divergences from the more common types of Fern 
steles. Poirault, Jeffrey, Gwynne-Vaugi-ian, and Tansley have all given brief descrip- 
tions of the steles of various species of the Vittarieae, and in all cases they regard the diver- 
gences from typical solenostelic or dictyostelic structure as being due to reduction. The 
occurrence of such anomalous steles has a direct bearing on certain problems of stelar morpho- 
logy, but before proceeding to discuss the problems involved it is necessary to define exactly 
what is meant by the term “reduction.” The term, as usually used, implies the loss of tissues 
originally present, due, presumably, to a change in the physiology of the plant consequent 
upon a change of habitat. In the questions under consideration it is necessary to distinguish 
between : 

(a) Reduction which results in the diminution of the amount of xylem and phloem present 
in the stele, without, however, the general type of the stele being altered. 

(b) Reduction which results in the disappearance of either the internal or external endo- 
dermis, thereby leading to an alteration of the type of stele. 

Reduction appears to have affected the xylem of all the Vittarie* examined to the extent 
of reducingit to a ring of tracheids only one or two layers in thickness. The amount of phloem 
present is also small and consists entirely, so far as I have been able to distinguish, of small 
protophloem-like elements, which, however, have the typical structure of Filicinean sieve 
tubes. Here again it is probable that reduction has led to a diminution in the amount of 
tissue present. With reference to the absence of internal phloem on the ventral side of the 
stele in such forms as Antrophyum reticulatum and a number of Vittaria, species, it is difficult 
to decide whether this is the result of reduction or whether it is due to the fact that the pocket- 
ing in of the phloem at the nodes has never extended to the ventral side of the stele. It is, 
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and he states elsewhere that the internal endodermis has lost its distinctive characters. It 
is not altogether clear whether Poirault regarded the internal endodermis as having been 
present originally and lost by reduction or not, and apart from mentioning his statements 
they will not be brought further into the discussion. Jeffrey, however, definitely regarded 
the peculiar structure of the steles as “indications of specialisation away from the usual 
tubular type of central cylinder,” and it is clear that an actual loss of the internal endodermis 
by reduction was contemplated. Gwynne-Vaughan, as has been previously mentioned, has 
given brief descriptions of a number of Vittaria and Antrophyum species, and he clearly 
regarded their steles as showing reduction, though he makes no definite statement as to its 
extent. This writer points out in his discussion of the primitiveness or otherwise of the 
Lindsaya type of stele that there are certain differences between the latter and the anomalous 
steles of the Vittarieas. These differences he regarded as important in the arguments advanced 
in support of the thesis that the Lindsaya type is primitive and that it has not arisen as a 
result of the reduction of a more complex type. It appears from the general trend of this 
argument that Gwynne-Vaughan actually regarded the anomalous steles of the Vittarie® 
as having resulted from the reduction of typical solenosteles and dietyosteles, the reduction 
involving the loss of the internal endodermis. Tansley has also stated that the anomalous 
steles under consideration are reduced structures (The Filicinean Vascular System, p. 65). 

There appears, then, to be a concensus of opinion that the steles of Antrophyum planta- 
gineum and Vittaria elongata are modifications of more complex types of stele by reduction. 
Opinions have varied, however, and, indeed, have never been really definitely stated, as to 
what weight can be given to this' evidence in a consideration of the question of medulla t-ion 
and the related question as to the primitiveness or otherwise of the medullatecl protostele. 
The general question of the origin of the pith need not be entered into in this memoir; it has 
already received adequate attention elsewhere.* The related question as to the primitive- 
ness of the medullated protostele has also been satisfactorily settled on the basis of evidence 
derived from a study of the ontogeny of a number of different Ferns and from a study of the 
fossil record of the Osmundaceae, It is true, nevertheless, that while the belief is held that 
the stelar structure of such forms as Antrophyum pluntayineum and Vittaria elongata has 
resulted from the operation of reduction processes leading to the loss of tile internal endodermis, 
then these structures must be accepted as evidence as to the possibility of the medullated 
protostele being, in some cases at any rate, the product of reduction. The view that the 
medullated stele is the product of reduction is not now generally accepted, but it is still upheld 
by Jeffrey. The latter writer states that “The simplest view, and Unit most in harmony 
with all the facts, seems to be that the medullated monostotic central cylinder, so strikingly 
characteristic of the more modern vascular plants, has been derived from an ancestral siphono- 
stelic condition with internal phloem by reduction.” f Elsewhere the same writer speaks 
of the origin of the medullated protostele from the siphonostelic condition “through the loss 
of internal phloem and endodermis.” J It seems worth while therefore to discuss briefly the 
question as t o whether, in the steles of the Vittarie®, reduction has led to the loss of internal 
endodermis, with the consequence that a medullated type of stele has arisen from a solono- 
stelic or diciyostelic type. 

If the endodermis has merely lost its distinctive characters, such us the Ouspuriuu strip, 
by reduction, then it might be expected that its position could still be detected by reason 

* Bowkr, Jb\ 0., Pilkales, vol. l p. 124 et mq. 

■ f Jeffrey, ioe. ciL, \u 143. ... - 

t Jeffrey, The Anatomy of the Woody Plant , p. 2iM. 
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of the shape and definite arrangement of the line of cells, and, further, by the presence immedi- 
ately inside it of a layer of pericycle, which latter layer is strongly developed in other Vittariese. 
In neither Antrophyum plantagineum nor Vittaria elongata can any such indication of a 
degenerate endodermis be found. On the basis of this negative evidence one may conclude, 
though without certainty, that the internal endodermis has never been present in these steles, 
and that consequently the similarity to a medullated protostele is not due to a process of 
reduction. It must be admitted, however, that this evidence is by no means conclusive, for 
the endodermis in other species of the Vittarieae is very irregular, and it is also possible that 
the internal pericycle has lost its distinctive characters. 

More satisfactory evidence as to the real nature of the anomalous steles under considera- 
tion is provided by the facts relating to the ontogeny of Antrophyum reticulatum which have 
been described above. It is necessary to consider here the steles of Antrophyum plantagineum 
and Vittaria elongata separately. If we take A. plantagineum first and consider it in the light 
of the ontogeny of A. reticulatum a very important fact emerges. The solenoxylic condition 
of the stele of A. plantagineum is identical with the structure of the stele in some of the lower 
internodes of the young plant of A. reticulatum. This at once brings to mind similar examples, 
as, for instance, in the Schizaeacete where the adult structure of the stele of Schizaea rupestris 
is very similar to an ontogenetic stage in the development of the dictyostelic condition of 
Anemia phyllitidis. In this example it is now generally accepted that the stele of Schizaea 
rupestris is not a reduced structure but a primitive one. In A. ■plantagineum also it appears 
probable that the stele is either truly primitive or else it is simple as a result of “arrested 
development.” It is impossible to decide with certainty which of these two alternatives is 
correct. Evidence from other characters points to the conclusion that A. plantagineum 
cannot he regarded as a primitive type, and it therefore seems probable that the stele of this 
form is simple by an arrest of the normal ontogeny which leads in other species to the establish- 
ment of the dorsiventral dictyostele. 

The type of stele present in Vittaria elongata offers rather more difficulty. The structure 
of the stele of this species has not been observed in the ontogeny of related forms, so that it 
cannot be explained as a simple arrested development. The dorsiventral dictyoxylic condition 
is, however, probably to be regarded as a further modification of the solenoxylic condition 
of A. plantagineum, although it is off the, usual track of ontogenetic development as described 
for other Perns. The change from the solenoxylic to the dictoxylic condition is probably 
consequent upon either an increase in the size of the leaf-gaps or else a shortening of the 
internodes. The size of the respective steles may also be one of the factors concerned; this 
point will be mentioned again below. 

The conclusion of the present writer is therefore that the somewhat anomalous steles 
of the two species just considered are not to be explained as having been derived from more 
complex steles by a process of reduction. The solenoxylic stele of A. plantagineum is really 
an arrested development; that of F. elongata is a further development of the A. plantagineum 
type along an unusual line, not progressing to typical solenostely or dictyostely but to a dicty- 
oxylic condition. This conclusion, if it be correct, destroys evidence which has hitherto pointed 
to the possibility of explaining the medullated protostele as a reduced structure, derived from 
the solenostelic type of stele by the loss of internal phloem and endodermis. 

There remain to be considered the steles of Monogramma and Hecistopteris. A com- 
parison of these with the early stages of the development of the stele of A. reticulatum suggests 
at once that they are not reduced structures, but that they may be reasonably regarded as 
arrested developments, the arrest having come into operation at an early stage. 
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| The Operation of the Size Factor. 

5 

! The Yittariese present a series of forms which show in their mature rhizomes stelar struc- 

tures ranging from protosteles in Monogramma and Hecistopteris to a perforated dorsiventral 
f dictyostele in Anetium. It has been pointed out in the discussion of the stelar problems that 

some of the “simpler” types of stele may best be regarded as arrested developments of the 
normal ontogeny which leads in other forms to the dorsiventral dictyostele. This explanation 
is a purely morphological one, and it raises at once the question as to possible causes of the 
arrested development in such examples. It seems worth while, therefore, to consider whether 
the Size Factor * is not one of the underlying causal factors leading to the variations in stelar 
structure observed in the Vittarieae. For this purpose measurements of the steles of the 
various forms examined were made, and these are given in the table below. The diameter 
of the stele is given in cms., the measurements having been made under a magnification of 28. 


Name. 

Diameter of Stele in 
cms. (Measurements 

Remarks. 

Hecistopteris pumila 

obtained under 
Magnification of 28.) 

0*15 

Protostele with simple oval xylem mass. 

Monogramma graminea . 

04 

Protostele with curved xylem mass. 

Monogramma trichoidea . 

04 

Do. 

Monogramma paradoxa . 

04 

Do. 

Medullated protostele, solenoxylic. 

A ntrophyum plantagineum 

2*0 

Vittaria elongata 

2*2 

Medullated protostele, dietyoxylie. 

Antrophyum lanceolatum . 

2-5 

: Dorsiventral dictyostele. 

Antrophyum lineatum 

2*5 

Do. 

Vittaria lineata 

3*0 

Do. 

Antrophyum brasilianum . 

3*0 

Do. 

Antrophyum reticulatum . 

4*0 

| Do. 

Anetium citr if olium 

5*6 

Perforated dorsiventral dictyostele. 






The measurements given in the table indicate clearly that there is 
the size and the complexity of the stele. The physiological significar 
has already been fully discussed by the writers mentioned and therefor 
into in this place. It has already been pointed out that the dorsiventral < 
the central type of stele in the Vittarieae, and that the anomalous s< 
Hecistopteris, Antrophyum plantagineum, and Vittaria elongata art; ai 
The interesting point is that all the anomalous steles mentioned are mi 
dorsiventral dictyosteles. It may be concluded, then, that the arrest oi 1 h 
ment at various stages, viz. the protostelic stage in Monogramma and 
medullated condition in A. plantagineum and V. elongata f is due to. 
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Taxonomy and Affinities of the Yittaeiej®. 

t lor consideration is as to whether the Yittarieas is a homogeneous group 

(to kb Eli and Benedict and the facts detailed in this memoir indicate 

1 and u Some Points in the Anatomy of Dicksonia,” S. Willi ams, Proc . Roy. Sac. Edin vol. xlv. 
i A vStudy of the Kndodermia in the FilicineteA New Phyt vol. xxiii. These writers distinguish 
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that the grouping together of the genera Vittaria, Monogramma (limited to the Eumono- 
gramnie section), Antrophyum, Hecistopteris, and Anetium is a very natural one. Evidence 
that this is so is afforded by a number of different characters : 

(a) The anatomy of the five genera is based on a common plan. In all the species examined 
the endodermis is in the primary condition, and correlated with this is the fact that scler- 
enchyma is entirely absent. The most common type of stelar structure is the dorsiventral 
dictyostele; modifications of this type, which have already been discussed, are found in some 
of the genera. 

(b) The sporangia in the five genera are all very similar, possessing, as they do, a four- 
celled stomium, an epi- and hypo-stomium each of two cells, and stalks which are always 
one-celled below but several-celled just below the capsule. 

(c) They all possess clatlirate scales. These are characteristic for each genus, but under- 
lying common features are present in all. 

(d) They all possess spicule cells. 

(e) All the fronds, except those of Monogramma and Hecistopteris, show a reticulate 
venation. 

(f) The roots bear numerous brown root hairs, although this character is probably to be 
correlated with the epiphytic habit of the plants. 

(g) The gametophyte generation, in such forms as have been examined, is divergent from 
the normal type, being deeply lobed and characterised by the occurrence of vegetative budding 
and the formation of gemime. 

Although at the present time attempts to place even genera in phylogenetic relation with 
one another are viewed with suspicion, yet the present writer feels that it is worth while to 
endeavour to indicate the possible lines of development of the structural features character- 
ising the group of genera under consideration. 

Goebel holds the view that Antrophyum represents the most primitive condition within 
the group, and that the other genera are derivative from this along a number of lines. The 
evidence advanced in support of this view does not appear to be conclusive, and it seems 
unlikely that Antrophyum, with its sporangia distributed over the whole leaf-surface, is a 
primitive form. It seems, indeed, far more probable that the structural features of Vittaria 
are the most primitive within the group. The anatomy, the character of the dermal append- 
ages, and the structure of the sporangia are all so constant in Antrophyum and Vittaria that 
they do not give much help in deciding which of these two. genera is tin 1 more primit ive. The 
arrangement of the sporangia in slightly intramarginal lines in Vittaria is, however, certainly 
more primitive than the sporangia] arrangement in Antrophyum. Spore counts, while of 
proved value in the treatment of more primitive groups, are not so valuable in the considera- 
tion of such an advanced group as the Vittariete. It is, however, I he case lha! Vittaria has 
the largest number of spores per sporangium, viz. (54, and this fact supports the view that 
Vittaria is relatively primitive. Moreover, Vittaria appears to offer a more favourable oppor- 
tunity of linking the Vitt ariose with other groups of genera. 

Monogramma appears to be closely related to Vittaria, and it is probable that Goebel s 
view that the structure of Monogramma has been arrived at by an arrest of the development, 
of Vittaria characters is correct, M. paradoxa offers the closest link, particularly if the draw- 
ings of Benedict of the venation of large fronds be correct. In these latter there is a practically 
typical Vittaria- like venation and soral arrangement, hi smaller fronds there has been 
an arrest of the ontogeny and the venation is simpler, showing a sympodial dichotomous 
scheme similar in essentials to that present in the fronds of young plants of Vittaria. M. 

TRANS. ROY. SOC. EDIN., VOL. LV, PART I (NO. 9). 34 


211 


DR S. WILLIAMS ON 



gmminea appears to offer the last stage of arrested development and the frond has only the 
mid-rib present, i.e. the same structure as the first-formed fronds of the seedlings of Vittaria 
species. It has also been pointed out in the discussion of stelar problems that the steles of 
Monogrmmna species may be regarded as arrested developments of the dorsiventral dictyo- 
stelic type of structure which is characteristic of Vittaria species. 

An advance upon the condition of such forms as V. lineata and V. elongata in the direction 
of a more complex venation is offered by V. (= Pteropsis ) angustifolia, where, although the 
sporangia are still arranged in slightly intramarginal lines, there are several rows of meshes 
on each side of the mid-rib and, where the marginal areolae are small, the sporangial groove 
may extend over the whole of the mesh. This condition leads on very naturally to the 
structure of Antrophyum with its characteristic reticulate venation of several rows of areolae 
and the distribution of the sporangia along the vertical veins of the meshes. Several points 
indicate that the characters of the section of Antrophyum with the sporangia immersed in 
grooves are more primitive than those of the section with the sporangia borne superficially 
on the surface of the frond. For instance, spore counts obtained from species in the latter 
section indicate that the typical spore output per sporangium is smaller than that of species 
in the former section. Another point is that the stelar construction of such a form as A. 
brasilianum is more complicated than any seen in species of the first section. Finally, the 
condition of having the sporangia naked on the surface of the frond may, on general grounds, 
be regarded as derivative from the protected condition. 

The sporangial distribution characteristic of A. brasilianum and other species in the same 
section leads on naturally to the acrostichoid condition of Anetium citrifolium. This latter 
stands considerably apart from the rest of the Vittarieae and is certainly a very advanced form. 
The nature of the dermal appendages, the structure of the sporangia, and the presence of spicule 
cells are all points of resemblance to the other genera of the Vittarieae. It is in the sporangial 
distribution and stelar morphology that the genus show r s a considerable divergence from the 
other forms. The presence of sporangia not only on the veins but also on the parenchyma 
of the areolae is a marked advance on the condition, say, of A. brasilianum. The stele of 
Anetium is also much more complex than that of any other genus. Finally, its advanced 
position is indicated by the small spore output per sporangium (32 or 48). 

There remains only to be considered the position of Heeistopteris. Goebel has put 
forward the view that the curious features of this genus are the result of an arrest of the 
development of the structures characteristic for Antrophyum, and the facts seem to justify 
this view. The open dichotomous venation may reasonably be held to be due to the arrest 
of the development of the reticulate venation of other genera since the fronds of young plants 
of Antrophyum and Anetium show a similar type of venation. The forked outline of the leaf 
itself offers rather more difficulty, but this is at least partially removed by a consideration 
of the fact that seedling leaves of Antrophyum are sometimes not simple in outline but diclio- 
tomously branched following the outline of the venation. One point against the view that 
Heeistopteris is allied to Antrophyum is that the clathrate scales of the former more nearly 
resemble those of Vittaria than they do those of Antrophyum, for they have no unicellular 
outgrowths from the basal cells such as the scales of the latter genus exhibit. 

The suggested relationships between the live genera of the Vifctarie® may be expressed 
diagrammatieally as follows: — , 


A CRITICAL EXAMINATION OF THE VITTARIEiE. 


215 


Anetium 


Hecistopteris 


Antrophyum 

I 

! 

V. (=Pteropsis) angustifolia 

. I . 

-Yittaria 


Monogramma 

The conclusions reached above with regard to the relationships of the genera of the 
Vittariese confirm Diels’s arrangement of this group in the Pflamenfamilien. This writer 
divides the group into the Vittariinse including Monogramma and Yittaria, and the Anfcro- 
phyiuse including Hecistopteris, Antrophyum, and Anetium. The only criticism of this arrange- 
ment is as to whether it would not be better to remove Anetium from the Antrophyinse and 
place it in a separate section on account of its anomalous and advanced structural features. 
The present arrangement is, however, sound in that it indicates the affinity of Anetium with 
Antrophyum. 

The relation of the genera to one another above outlined seems fairly clear and justified 
by the facts. It is, however, a matter of considerable difficulty to make any definite state- 
ment about the phyletic relation of the Vittariese as a whole with other and more primitive 
forms, and any such statement would certainly be open to the criticisms which have been 
levelled against phyletic morphology in general during recent years. Nevertheless, the data 
now available concerning the Vittariese seem to justify tentative suggestions being made as 
to the affinities of this group. Such suggestions must, however, be regarded as a contribution 
to a natural classification of the Perns under consideration and not as an attempt to link 
phyletically any forms now living. 

Benedict has suggested that the Vittariese are related to the Pteridese and Asplenea?, 
basing his conclusions on the nature of the scales and sporangial arrangement. This view 
does not seem to be based on a sufficiently broad consideration of the characters which have 
been proved to be useful in endeavours to build up a natural classification, and the present 
writer finds himself unable to support this view. A broader consideration of the question 
of the affinities of the Vittariese will now be made on the basis of an examination of a number 
of characters which have been shown to he important in making systematic comparisons. 

(a) Arrangement of Vascular Tissue . — The very frequent occurrence of dorsiventral 
dictyosteles and steles related to this type in the Vittariese leads to an inquiry as to the pre- 
valence of this type of stelar structure in other genera. A consideration of this point shows 
that such steles are most common in such genera as Adiantum, Gymnogramme, Cheilanthes, 
and Pellma (see CIwynne-Vaughan, loc. cit., and Marsh, Ann. Bot., 1914), a group of genera 
which Professor Bower has already shown to form a natural and homogeneous group. It 
is also noteworthy that the anomalous type of dorsiventral dictyostele found in some mature 
rhizomes of Antrophyim reticulatum finds a very close parallel in the stelar structure of 
Cheilanthes lendigera. Two other points in the anatomical construction of Pellma and Cheil- 
anihes may be mentioned. In neither Pellma nor Cheilanthes is any protoxylem distinguish- 
able; this also holds for all the Vittariese examined. Secondly, in the species examined by 
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Marsh, the phloem always consists of small elements corresponding to the protophloem of 
other Ferns; the nature of the phloem in all the Vittariese examined is -comparable to this. 

(b) Spicule Cells. — The presence of spicule cells has proved to be a very constant feature 
of the Yittariese. The only other genus in which such structures have been recorded is 
Adiantum. Poirault (Joe. cit ., p. 208) gives a detailed account of their occurrence in a large 
number of the species of this genus. The appearance of the spicule cells in such species of 
Adiantum as I have examined is very similar to that of the spicule cells of the Vittariese. 

(c) Clathra te Scales. — Beales of very similar appearance to those of the Yittariese are 
present in Adiantum macrophyllum , but the data with respect to this character are very scanty. 
It must be noted, however, that Benedict found clathrate scales present in the Pterideae 
and Asplene®, though he does not state in which genera they occur. 

(d) Venation. — Reticulate venation is a character which has been developed in a number 
of circles of affinity, and it is therefore a character which is not of much value for tracing 
relationships. The venation of the fronds of young Fern plants is always based on a dichot- 
omous plan, so that it also is not usually a very good guide to affinity. The Yittariese, 
however, are almost unique in so far as the first-formed frond is single- veined in all the genera, 
with the possible exception of Anetium. So far as I am aware the only other genus which 
possesses a single-veined cotyledon is Ceratopteris. Indeed, the whole ontogeny of the frond 
of the latter genus resembles very closely that of some of the Vittarieae. 

(e) Sporangia. — The structure of the sporangium of advanced Ferns is relatively constant, 
and accordingly is not a very good character for comparative purposes when dealing with 
such advanced types as the Yittariese. It may be noted, however, that the sporangia of 
Adiantum species, e.g. A. polyphyllum, and of species of Pellcea, e.g. P. cordata, are similar 
to those of the Vittarieae in having a four-celled stomium. The marked and apparently 
characteristic instability of the characters of the annulus and stomium of Cheilanthes, Gymno- 
gramme, Pellcea, and Ceratopteris does not, however, find any parallel in the Yittariese. The 
sporangia of the latter are very constant in their characters. 

The structure of the stalk of the sporangia of the Yittariese seems constant, with small 
variations, within the group. The curious dilation of the stalk immediately below the capsule 
may, however, be directly correlated with the protection of the sporangia in deep grooves 
and the consequent necessity for a special mechanism to ensure the successful scattering of 
the spores. That this is so is indicated by the fact that the dilation is greatest in those species 
with deep sporangia! grooves, and least marked in those where the sporangia are superficial. 
If this direct correlation exists, it is unlikely that the stalk characters will be of much use in 
tracing affinities in the group under consideration. 

(f) Arrangement of Sporangia.— The examination of the ontogenetic development of 
the sorus of F. lineaia above described indicates that the origin of the sorus is slightly intra- 
marginal. In this respect it resembles Cheilanthes and Ceratopteris and differs from the 
Pterohl series. 

Taken in conjunction, the above points of contact between the Yittariese and the group 
of genera including Adiantum, Cheilanthes, Pellcea, and Ceratopteris may be held to point to 
an affinity between the former and the latter. Some of the points, such as the presence of 
spicule cells and clathrate scales are admittedly small, but when they run parallel with more 
important characters such as the stelar construction and the origin of the sorus, they may 
reasonably be regarded as being of some value for comparative purposes. It seems probable 
that the condition of Adiantum presents the nearest point of contact with the Vittarie®, 
but, on the facts available, there seems no good ground for assuming that there is any direct 
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phyletic connection between them. The soundest conclusion appears to be that the Vittariese 
must be placed in any natural classification along with the complex of genera containing 
Adiantum , Gymnogramme , Cheilanthes , Pellcea , and possibly Ceratopteris . It does not fall 
to the present writer to discuss the origin of this complex since this has already been dealt 
with by Professor Bower. 

Summary. 

1. The genera Vittarici, Monogramma , Antrophyum , Hecistopteris, and Anetium have been 
examined with regard to a number of characters, and it is concluded that they form a homo- 
geneous group. 

2. Suggestions are made as to the inter-relationships of these genera. 

3. It is further suggested that the Vittarie® must be placed in any natural classification 
along with the Gymnogrammoid group of Perns. 

4. With regard to the vascular structure it is concluded that the dorsiventral dictyostele 
is the central type of stelar construction in the group. Certain deviations from this type, 
hitherto regarded as being reduced, are shown to be arrested developments. This arrest 
of the normal ontogenetic development is correlated with decreases in the size of the stele. 

5. The endodermis is always in the primary condition, and this fact is correlated with the 
entirely parenchymatous nature of the ground tissue. 

In conclusion, I desire to express my thanks to the Executive Committee of the Carnegie 
Trust for a grant to defray the expense of the illustrations of this memoir. 


DESCRIPTION OF PLATES. 

Plate I. 

(Photographs of herbarium specimens by Mr D. M. Filshill.) 

A. Vittarici lineata. 

B. Vittaria elongata. 

C. Monogramma paradoxa . 

D. Monogramma graminea. 

E. Hecistopteris pumila. 

Plate II. 

(Photographs of herbarium specimens by Mr D, M. Filshill.) 

A. Antrophyum reticulatum. 

B. Antrophyum plantagineum . 

0 . Antrophyum lineatum. 

D. Anetium citrifolium. 

Plate III. 

A. Model of dorsiventral dictyostele of Antrophyum lineatum , showing two closely inserted nodes. 

B. Model of node and internode of Anetium citrifolium. 

0 , D, and E. The stele of a seedling plant of Antrophyum reticulatum at different levels in the rhizome (descrip- 
tion in text). xiio. 
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Hemimysis, besides feeding on large masses of food, inters a portion or tiie currents pro- 
duced by its thoracic limbs and eats the particles so collected. Observations on the general 
movements of the animal, and the currents it produces in the surrounding water, were made in 
small tanks, a carmine suspension being used to demonstrate the currents. In order to 
watch more closely the movements of the limbs and the course of the currents close to the body , 
single individuals were confined in water in a narrow space between two vertical glass plates 
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the limb movements appear to be carried out normally. Large pieces of food, such as a 
Sagitta, are taken and eaten as readily in this position as by freely swimming individuals. 
The feeding currents formed by the constant activity of the limbs, and' the course taken by 
suspended particles in the surrounding water to the mouth, can be followed. . Suspensions 
of carmine, carborundum powder, charcoal, mud, Nitzsehia, and starch were used. A fine 
starch stained with iodine is the most efficient, because the grains do not stick to the limbs 
and set*®, and thus do not clog the feeding mechanism as does carmine or an excess of mud. 
Each grain remains separate, and can be seen clearly, owing to its blue colour. The starch, 
moreover, appears to be palatable and is not rejected as is charcoal. Nitzsehia, also, is readily 
eaten, but the individual diatoms cannot be seen clearly enough to follow their exact path to 
the mouth. 

Animals kept in a suspension of iron saceharate automatically collect the granules and 
pass them on to the mouth and remain apparently perfectly healthy. The saceharate must 
be somewhat sticky, as it remains on the filtering combs of set® and in the food groove even 
after sectioning. The particles are clearly visible in sections of animals killed and subsequently 
treated with potassium ferrocyanide. By tliis means the parts of the limbs responsible for 
filtering the food stream, and the distribution of the food matter in the groove, can be seen in 
serial sections and compared with conclusions drawn from direct observations. 

The detailed arrangement of the limbs was ascertained from dissections cleared in gly- 
cerine. Animals for this purpose were fixed in hot alcohol and in corrosive sublimate. All the 
figures were drawn from such dissections. 


Topography of Mouth-Parts. 


As a preliminary, a somewhat detailed description must be given of the mouth-parts and 
trunk limbs and of their topographical relations to one another. The organs directly concerned 
with putting food into the mouth are the mandibles, together with the labrum and paragnaths, 
the maxillules and maxilhe, and the bases of the first trunk limbs. The eight pairs of thoracic 
appendages cause food to be brought from a distance to the mouth-parts-. The general dis- 
position of the limbs can be seen from the ventral, lateral, and internal sagittal views (figs. 
1, 2, 5, text-fig. 3). 


The entrance to the mouth is situated at the ventral side of the head, and is bounded 
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anteriorly by the large ventrally projecting labrum, and posteriorly by a pair of laterally 
placed, but similarly ventrally projecting, paragnaths. The entrance leads into an oral 
cavity shaped like an inverted L. The long arm points vertically upwards and may be termed 
the lower oral cavity. The short arm points horizontally forwards and is called the upper 
oral cavity, The lateral walls of the upper oral cavity are formed by the biting surfaces of 
molat processes of the mandibles. Its floor (morphologically the anterior wall) is formed 
from the posterior face of the labrum, and this curves upwards in front of the molar processes 
to the commencement of the oesophagus. The roof is formed by the ventral median ectoderm 
immediately behind the oesophagus. The lower oral cavity is bounded anteriorly by the 
posterior face of the labrum; and at its upper limit, where it bends round to form the floor of 
t it upper oral cavity , a median muscle is attached which runs to the anterior labral ectoderm. 

) M 1 labral muscles are inserted laterally in the floor of the upper oral cavity and 

.raverse t le a brum in various directions. The lateral walls of the lower oral cavity are formed 
^ 10 incisor processes and lacinice mobiles, the spine-rows of the mandibles occupying the 

ange tetween the upper and lower oral cavities. The lower oral cavity has no posterior 
wail, but tins space is occupied by a vertical split between the two downwardly projecting 
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paragnaths. Tlius tlio actual luonth tliat is, tb.6 fepacc tliiougii ^1 
to the oesophagus — is not limited to the space bounded by the tips o 
but extends dorsally between the latter. Hence, food may pass 
lower lips directly on to the incisor processes of the mandibles, bu 
from behind between the two paragnaths on to the spine-rows o 
molar processes. 

The tips of the paragnaths are flattened in a transverse plane 
against the outer surface of the mandibles, extending forwards ; 
portions of the labrum which similarly lie close against the mandibli 
Their bases form a pair of broad ridges ex- 
tending posteriorly. The paragnaths have in / 

side-view the form of a right-angled triangle, S' 

the hypotenuse extending from the tip to the # 

anterior limit of the maxillary segment. 

There is thus formed between them a deep f. . 'fe. 

channel. This expands posteriorly immedi- I |L 

ately beyond the paragnaths into a wide l y ' . Jtfc| 

depression that we term the “food basin,” V_ 

bounded laterally by the bases of the maxilla*. 

Posteriorly it is limited, at the sides, by the f |Vf|: 

bases of the first trunk limbs, while in the i " £$&■ 

middle line the ectoderm is slightly raised. \ f|.: 

food basin is continuous in this region, 



,‘'V ' • ' ' ' 

«t ■ 

1181; i(®Sltf|i||ll^^^^^^ 


Text-fig. 2. — A series of transverse ? ” 
musc ulature of the mouth -parts, and the endoskeleton. 

Fig. 2 a.-~Thc mandibular segment, show 
by muscles to the dorsal body wall. 

Tig. 26 . — The anterior p«*l v,i « 
and the distal endites of the maxiUule 
food groove ( mx . 1 sp.). 1„„ 

muscles. Part of the endoskeletal plate iies above the "nerve cord. 

maxuiulary muscles, and a pair of small muscle- , 

Tig, 2c. — The maxillary region, showing the food 
or the maxilla (mx. 2 p.) and of first trunk limbs (Ih. 
mward and ’ 

Fig. 2d. 
limbs (bruX 
: ' Fig. 2e. 


sections at different levels viewed from behind, showing the shape of the food groove, the 
- These levels are marked in figs. 26 and 5. 

. r * n £ hhe endoskeletal tubes (#?) extending upwards from the mandibular groove and attached 
- . . Paragnaths^.) occur just behind this section, and their positions are indicated by the dotted line, 

part ot tne maxillulary segment, showing the paragnath bases (p.) with the food groove between them (/. gr.) 
mf K i ia f , 0S ; ■ i se ^ from proximal maxillulary endites appear in section at the sides of the 

u° m % paragnaths to the body wall are shown, and on the right the maxillulary 
above the nerve cord. To it are attached a median muscle to the food groove (<7.), 
58 extending to the mandibular adductor muscles ( 6 .) (see also fig. 2a), 

d groove widened out into the food basin {/. baa.), into which project the basal endites 
m (ih. 1 e»). The tubular channel (i.) between the latter is shown floored by the large 

ng the wide food groove (/. gr.) partially enclosed by the expanded basipodites of the 
V r— r than they are in fig, 1* . * 1 

•^^behind the ei g Mh thoracic fimbs of the male, showing the paired penes (pe.) between and behind the limbs with 

extending across the posterior openings to the f pod groove 

plate extending to the levator muscles of the mandible; bas„ basipodite of thoracic 
c, oarapaocfold; d, i. ,n„ doreat longitudinal muscle; endoskeletal tube extendine in warda and 
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meeting one another anteriorly in the middle line. Sets project from both inner and outer 
edges, those on the inner side partially closing the small gap between the two palps and between 
the palps and labrum. The distal joint of the palp is not markedly flattened. From its 
inner side project a few simple setae which are usually found interlocked with those from the 
other side. Stout, feathered setae spring from the outer side ventro-laterally and from the 
tip. The proximal setae are long and sharply pointed, while those of the distal half of the row 
are shorter and blunt, with stout lateral spines. The row becomes inserted more ventrally 
towards the tip of the palp. At the tip stands one long seta curving outwards and slightly 
backwards, and provided with strong, lateral spines and also a lateral row of eight short-hooked 
spines with fine lateral feathering (fig. 5). 

The biting edges of the mandibles are asymmetrical, as also is the posterior edge of t he 
labrum (fig. 3). The biting edge of the left mandible is, as a whole, more ventral than the 
right. Its lacinia mobilis is large and biting, equalling in size its incisor process. The spine- 
row consists of about five adorally curved spines, each inserted separately on the mandible 
and bearing strong lateral spines along the convex ventral edge. The incisor process of the 
right mandible bites against the incisor process and lacinia mobilis of the left side, its longest 
point extending between these two biting parts. The right lacinia mobilis is smaller than the 
left and is of quite a different shape. Its inner surface bears two horizontal rows of spines 
which increase in size posteriorly. The rows converge towards a large, single spine at the 
anterior inner edge. The hollow between the rows is ridged. As the mandibles close, the 
left spine-row slides over the spines of the right lacinia moUlis, and comes to rest against the 
large anterior spine of the latter. The right spine-row is situated opposite the gap between the 
left spine-row and molar process. All the spines are straight, with lateral spikes along both 
edges. The most ventral spine is inserted separately on the mandible; and the remaining 
spines, about seven in number, are united together by the bases giving one insertion for the 
group. The lacinia mobilis on each side and the various parts of the spine-rows are probably 
all passively movable, with the possible exception of the ventral separated spine on the right 
mandible, which appears to be rigid. The right molar process extends higher up than the left, 
and the ridges on the grinding surfaces on each side are not identical. Each molar process is 
tipped with a bunch of setae, the group being larger on the left mandible. 

The edge of the labrum shows a thickened ridge in the region of the incisor processes, the 
thickening being greatest over the right mandible (fig. 3a). On the right side it is covered with 
a paving of short cylindrical denticles closely packed together. On the lull side their place is 
taken by longer, overlapping spines, which are much flattened with serrated edges. Sparse 
hairs cover the posterior face of the labrum chiefly in the middle line. At the jnrict ion bet ween 
the upper and lower oral cavities stands a median group of strong setae (tigs. 2 
These are inserted partly on the projecting ridge dividing the two oral cavities 
the floor of the upper oral cavity. They are thus situated opposite the space 
spine-rows and molar processes. 

The maxillules lie close against the paragnaths (figs. 2, 4, and 5, 
distal endites form powerful biting jaws at the ventral extremities 
mandibles. They bear at their tips three rows of blunt, biting spines 
on the posterior face. The proximal endite is a small, rounded plate 
edge of the distal endite and more widely separated from its fellow in the middle line. The 
tip of this endite with its marginal setae occupies the space between the distal endite.aml the 
ridge formed by the prolonged base of the paragnath (fig. 4). At their tips these endites each 
carry three very long, strong setae which pass directly inwards, and wit h their leathered tips 


and 
and 
be 


4, «*>./.). 

partly on 
I ween the 


and text-tig. 'lb). The 
of the paragnaths and 
and a short row of seta 1 
slightly overlapping t he 
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curl round the edges of the paragnaths and point towards the mouth. These set® meet in 
the middle line. From the upper edge of the first endite a single, long seta extends backwards 
to the base of the maxilla, lying outside the baekwardly projecting ridge from the base of the 
paragnath. 

The maxilla is inserted at a little distance from the maxillule but close to the first thoracic 





th. lend. 


Text-pig. 3. Lateral view 0 £ the thorax of a female, showing the arrangement of the limbs and 
carapace, the exopodites having been removed. 

Fro. Six. Complete lateral view ; the mouth-parts visible behind the mandible (mdb.) are in order from 
)t ore aeiwarcs the paragnath (1), the maxillule (2), the maxillary exite (3), the axis of the 
maxilla (4) and the first thoracic endopodite (th. 1 end.). The epipodite from the first thoracic 
mb extends undei the carapace ; the .openings to the food groove lie between the basipodites (see 
ug. SO). Lne course of the respiratory current is indicated and also a backward current between 

the basipodites and the edge of the carapace. X27. 

Fro. 36. Enlarged view of the bases of the second and third thoracic limbs, to show the feathered seta; 
from the basipodites extending across the entrance to the food groove. 

, ,ic — Diagram showing the movements of the epipodite in the respiratory chamber. 
a. , an ennu e , a. ' , antenna ; baa,, basipodite ; c., carapace ; c. at., carapace attachment to the body ; 

^ 5 el> " epip0dit6 0f first thoraoic limb ! exopodite ; mdb., mandible ; 
"f p„ mandibular palp; o„ oostegites ; th. 1 end., first thoracic endopodite; th. 1 e*„ first 
thoracic exopod. e ; th. 2 end., second thoracic endopodite ; th. end., endopoditos of third to Eighth 
tlioracic limbs , 1, paragnath ; 2, maxillule ; 3, maxillary exite : 4. axis of mA.Yilln. 


limb (figs. 2b, 5, and text-fig. 2c) 

the maxillule. On the inner side 
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part bears one especially long-leathered seta which extends forwards and upwards, and 
reaches the three long set© from the maxillule between the paragnaths. The distal joint of 
the palp forms with its set© a flat plate, concave dorsally, lying immediately ventral to the 
maxillule and paragnath. The exite of the maxilla (text-fig. 8 and fig. 5) spans the space 
between the axis of the limb, the lateral body wall, and the maxillule, and so closes laterally 
the food space enclosed by the mouth-parts. 

All eight pairs of thoracic limbs bear swimming exopodites (fig. 1 and text-fig. 8). The 
last six pairs of endopodites are similar, but the first two are specialised for feeding. All 
extend forwards to the mouth region. The endopodites of the first pair lie close below and 
slightly to the side of the maxillae, and those of the second lit* similarly, just bolow t hose of the 
first. The distal parts of the remaining endopodites stand further from the body and form a 
basket round and below the mouth-parts (text-figs. 8 and 9). 

The first trunk-leg bears endites on the basipodite, ischiopodite, and meropodite, that on 
the basipodite being the largest.* The proximal endite curves upwards into the food basin, 
and projects forwards below and inside the maxilla (figs. 1 and 2a). All three endites bear 
strong marginal set© directed towards the month, and a few set© springing from the lower inner 
edges pointing mainly inwards towards the middle line. These latter form a longitudinal 
row of stout, branched spines across the basal endite. They project inwards and downwards, 
meeting those from the opposite side, and thus form the floor of a space bet ween these endites 
(text-fig. 2c). This space forms in effect a tube extending between the bases of the first trunk 
limbs to the paragnaths and so to the mouth. The endopodite is comparatively stout and short. 
The propodite is not multiarticulate, and the rounded dactylopodite is directed transversely 
towards the incisor process of the mandible, and is armed with claw-like spines and set©. 

The second pair of thoracic legs resembles the first, but bears no endites. The remaining 
endopodites have the propodite subdivided into four joints. The second to eighth limbs 
have the basipodites expanded into flat, triangular plates extending towards the middle line 


(fig. 1). Prom their point of origin the endopodites slope forwards and with them these 
inner plates of the basipodites. The latter thus overlap one another from behind forwards. 
Prom their inner edges a few groups of feathered set© project, which may meet, those from the 
other side of the body. Thus the basipodites and their inwardly directed set© enclose a 
horizontal space between the limb bases and the ventral body wall, which is the food groove 
(text-fig. 2d). In the male the seventh and eighth endopodites are sometimes carried hori- 
zontally just below the gap between the more anterior basipodites, thus closing it. In iho 
female this space is divided posteriorly into two lateral channels by the presence ol the oust el- 
ites. The flanges of the basipodites fit closely against the latter, and the eighth endopodites 
may lie under the junction between the oostegii.es and basipodites. .Narrow channels bet ween 
the limb bases on each side put the lateral water in communication with the food groove. 
The outer ends of these channels are guarded by long-leathered seta- arising from the upper 
anterior edges of the basipodites, two from the third to eighth limbs, and three from the second 
(text-fig. 8). The tips of these set© touch the basipodites of the next anterior legs. In the 
male the two penes stand in a vertical position close together between the last pair of trunk 
limbs, so leaving lateral spaces between each penis and the limb base (text-fig. 2c). Laterally 
the penes bear five long spines which He across these openings and touch the eighth basipodites. 
In the female the equivalent openings lie between the eighth basipodites and the oostegites. 
The oostegites expand laterally behind the trunk limbs, and so these openings become lat eral and 

* In this account wo have used Dr Calmah’s terminology of the iirab segments in l^nkester’s Trmiim t m Zoology, pt, 7, 
“Crustacea,'’ London, 1909. 
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not posterior, as in the male (text-fig. 8). The openings in the female are not guarded by spines, 
but the eighth limb can be held down closely against the oostegite, so obliterating the passage. 

The exopodites of all the thoracic limbs bear long-feathered setae from the junctions 
between the joints (fig. 1 and text-fig. 6c). They stand in two rows, one pair from each joint, 
on the upper side of the axis. The setae of the posterior row in the middle of the limb are 
smaller than those of the anterior row, and are absent from the first few segments. Two 
similar setae are inserted on the end of the terminal joint. All these set* lie close together, one 
outside the other, at the sides of the axis, and curve upwards distally. The axis of each ex- 
opodite with its setae thus forms a spoon-shaped organ, concave dorsally. The anterior edge 
of this spoon is stronger than the posterior edge, being formed by the stouter proximal set* 
of the anterior row. 

The general shape of the thorax and carapace can be seen from text-fig. 3. Mid-dorsally 
the carapace is cleft posteriorly nearly to its attachment to the body over the second thoracic 
segment. The line of attachment of the carapace descends steeply to the maxillulary region 
and rises again above the outer attachment of the mandibular muscle. Thus a space is 
present between the carapace fold and the body, which may be termed the respiratory chamber. 
Into it projects the single epipodite which is borne on the first trunk limb. Behind the first 
thoracic segment the body wall is grooved intersegmentally, but anteriorly such grooves are 
absent and the body wall is fiat. The epipodite beats in a parasagittal plane over this region 
of the body. The epipodite is slightly concave anteriorly, and fits closely against the lateral 
walls of the respiratory chamber. In its forward position it almost touches the anterior wall 
formed by the carapace attachment, which in this region is somewhat hollowed-out anteriorly 
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horizontal position. Such locomotion is 
ic exopodites. By their activity powerful 
ting in a forward movement of the animal. 

A portion of the water producing 
these currents is filtered, the 
/ minute organisms or suspended 

s' particles of detritus being re- 

tained and passed on to the 
mouth. Thus the exopodites are 

< responsible for locomotion and 

at the same time for the produc- 
S ' s tion of the feeding current. 

Water streams towards the 
thoracic region of the body from 
in front and from all sides (text- 
figs. 4 and 5). These streams 
are drawn up towards the dorsal 
mts produced j eve ] 0 f the body, where they 


1 BAT-FKB 4.-— Lateral view of animal swimming freely, showing the curre 
in bite & t 1 r r oiind imr wither r p|. ft «frnTu»oftt , t| , , . , i ^ , , > , |« , • * , , 

paper ana are indicated by stouter arrows. One single lateral swiri 
IbhH Ih really eotnposed of eight separate swirls, each produced by o 
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flowing towards the body from other directions, and they can be clearly seen for some distance 
behind the animal. They are of such strength that posteriorly they draw in some of the water 
drifting towards the thorax (text-fig. 5). These two outgoing currents represent the motive 
force which results in the forward movement of the anintal. 

The thoracic exopodites are rapidly whirled round so that their tips describe a series of 
ellipses. The direction of rotation, and the probable positions taken up by the long-feathered 
setae at different phases of the beat, are indicated in text-fig. 6a. At rest, the distal part of the 
exopodite with its setae forms a spoon, open above and curving upwards towards the tip. 
During the upward and backward phase of the beat the setae will be forced to spread out, so 
increasing the surface of resistance offered by the 
limb. The reverse will hold during the downward 
path of the limb, the setae lying close together at 
the sides and above the axis. Thus, quite apart 
from any muscular alterations that may occur 
controlling the speed of rotation at various phases 
of the beat, a stronger effect will be produced by 
the upward backward stroke of the limb than by 1 

the downward stroke, and it is this upward and I 

backward beat which is responsible for creating J 
the two strong backward currents of water and ^ 
for propelling the animal forward. The greater _ 

strength and number of the set® forming the 

anterior edge of the “spoon” will aid the efficiency 
of this motion. 

Dorsally and ventrally the incoming currents 
divide and pass to the sides, so leaving a small — 
region of still water close to the body in the mid- 
dorsal and mid-ventral lines (text-fig. 6&). This ' 
still water on the dorsal side lies chiefly over the 
posterior part of the thorax, and from this source TE3rt .. ni 
water is drawn which supplies the respiratory *•'"» 
stream. Gills are not present, but the carapace is < 
richly supplied with an ample circulation of blood, 
carapace fold anteriorly, and proceed along the lower 
lacunae which occupy the whole space inside the fold, £ 
collected and discharged into the pericardium opposite tin 
and fourth thoracic segments. Blood is also returned tc 


"■--Dorsal view of the animal .swimming freely 
the ■ currents produced in the , surround in* 


movement of the first thoracic epipodite in the direction indicated in text- 
ed out of the space between the carapace and the body, and is replaced by 
>m the dorsal still area over the posterior thoracic region. By this means 
maintained under the carapace, gaseous exchange probably taking place 
: inner wall of the latter and possibly also through the body wall over the 
uses. The exhalent respiratory current passes out at- the sides of the 
ule. It then turns outwards or upwards and forwards over the mandible 
oove and behind the eye. It is evidently caught by the lateral swirl and 
I backwards, so joining the main outgoing current. The movement of the 
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upwardly projecting exite of the maxilla must, to a certain extent, assist in directing the course 

of the exhalent stream. 

Besides the swimming currents, the rotation of each limb produces a food stream which is 
subsequently filtered. The currents produced by a single exopodite are indicated in text- 
figs. 6a and 66. The rotating whip-like limb causes a conical swirl with the apex at the base 
of the limb, which draws water towards it from all directions. . A strong stream is formed up 
the axis, flowing towards the base of the limb. The mathematical treatment of this current 
cannot be dealt with here, but it can be readily understood by a very simple experiment. If, 
in a large vessel containing water and at the bottom a layer of some precipitate, the water is 
stirred by a spoon, the precipitate will be sucked up the axis of the cone described by the 


dorsal. 


axial current, 
’food currenb 


anterior. 


anterior. 


uentral, 


Text-fig. 6. 

Tlie diagram represents the tip of a single exopodite as it is whirled round, showing the positions of the 
nth respect to the axis of the limb at various phases of the beat and the currents created in the water. 
The diagram indicates a thoracic -transverse section of the animal, showing the rotation of one exopodite 
-•he currents it produces in surrounding water. 

A dorsal view of a single exopodite, showing the arrangement of the lateral set® ; and a diagrammatic 


spoon. The spoon corresponds to the exopodite, its bowl corresponding to the feathered tip 


while the more or less rigid hand holding the spoon corresponds to the attachment to the rigid 
base of the limb. The production of this axial stream can be understood from text-fig. 6a, 


which represents diagrammatically an end-on view of the tip of the exopodite as it completes 
one revolution. In any position the exopodite along its whole length tends to push water in 
front of it, but, in addition, as it moves through the water there will be a backwash of water 
round its sides to take the place of the water that has been pushed forwards. From text- 
fig. ba it will be seen that whatever the position of the limb there is always a backwash towards 
the axis of its cone of rotation. It is this backwash that provides the water for the axial 
cun out. Bur ther, at the tip of the exopodite, where the feathering makes it effectively broad 
and where the velocity is greatest, the backwash towards lire axis will be much greater than 
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ol high pressure at the centre ol rotation of the tip and of low pressure at the base of t 
Consequently, water will stream down the axxs towards the body . It is - ^ — 
axial streams towards the base of each thoracic exopodite that causes the water 

aU d ThfaxTal t0 streams^ alon^achexopodUe pass between the limb bases and into t 
enclosed pinner « the basipoditcs and the vent™, bo y wo , and merge 

forwardlv directed stream. This is joined posteriorly bv two cmunts that 1 ; ■ 
held 1 he "id * thor acie limbs. In fact, it is probably the mam stream movn g 
tliat'sucks water in in this region. Anteriorly, the strearnis narrowed own -dp - 
the haws of the first thoracic limbs. When it reaches the level ol the maxilla it in 
two lateral streams, which pass out immediately behind the bases ot Use jmiagn, > 
the overlapping combs of set® and so join the exhalent respiratoiy < mit u 

^Tl^m^’e forces causing the forward direction of tins f^\ a ”^ bl b y e ^ 
the actual pressure of the water in the axial currents torees ne c t 

bases, and from the shape of those bases the water mast bo given a forward »» • j 
the exhalent. respiratory current must suck water through the ,n x lla A 
motion of the whole maxilla and the vibration of its «x.te murt jck ^ato 
basin, and directly force it from the base ot the limb in an out , ^ _ - • • ^ , 

Finally one other water current remains to be mentioned. A gioou. extends 
sides^ of A the °body between .he limb bases and the ventral edge hi Wmap 
rtext-ficr 8a) In this channel the water flows backwards. Ibis *1 tain is uoum 
bywater from the apical parts of the exopodite swirls being trapped m .lie channel. 

Movements of the Mouth-Parts* 

Ppfore considering the various methods of feeding, an account of the moveme 
before consiutim 0 v MU lnnodites and basal endites ol the 1 

£&&£ actually meeting, and their stiff terminal set. curving upwards 
™°t;e movement of the ...axilla, is more lateral than that of the first trunk lm 

T "L™o!!fi»^ tTJlw'Xr 

r.d„aliy reaching as' fa,' as the lower oral cavity. The remaining «d.U» and Hi 

i '™”^.ria”iUu!e ,i ri'tbdii'movirin'wards' in The Uansverse plane (tig. S) 

kowi^r Z three pairs o, long spines from the proximal ^ 

spending seta of .hw^r ^ between the 

ward movement of the feat f ^ ward movement may be aided by the pres 

into the low ora ( from the } owe r edges of the proximal endites wine! 

pair of backwardly din a m6nt o{ the endites would bring these sets 

aoy .-««• .• 

l St''tfdrward one. 
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The mandibles, as well as the distal endites of the maxillules, move in the transverse plane. 
In both eases this leads to an approximation and separation of the biting edges. The man- 
dibles at rest lie practically transversely ; but during activity their outer ends are periodically 
rotated backwards. This gives a rolling movement to the bite, and is probably of the greatest 
importance for the grinding action of the molar processes as well as in assisting sheering by 
the incisor processes. 

The range of movements carried out by the lips is less extensive than that of the append- 
ages ; but their movements, although slight, must be of importance in feeding. No direct 
observations of such movements could be made, but they can be inferred, to a certain extent, 
from the musculature. 

The movements of the paragnaths are controlled by three sets of muscles. A median 
muscle, as already mentioned, extends from the deep groove betw-een the paragnaths to the 
endoskeletal plate (fig. 2 a and text-fig. 2b). Contraction of this muscle would result in a deep- 
ening of the food groove in this region and an approximation of the two paragnaths. The 
space between them would thus be narrowed and so would concentrate the food matter so that 
it might more easily be pushed forward by the maxillulary spines. Muscles producing the 
antagonistic effect are attached laterally to the paragnaths and inserted on the lateral body 
wall (text-fig. 2b). The third set of muscles is the most powerful, but is not directly attached 
to the paragnaths. In the ventral mandibular groove separating upper lip and paragnaths, 
two upwardly projecting skeletal tubes pass from points opposite the outer anterior corners 
of the paragnaths (text-fig. 2a). These tubes project into the body just behind the adductor 
muscles of the mandibles. Their inner ends are connected to the dorsal body wall by a group 
of large muscles inserted just behind and above the levator muscles of the mandibles. Con- 
traction of these muscles would cause the ventral mandibular groove to be raised, and so 
tend to tip the paragnaths forwards more closely on to the mandibles. Movements of the 
paragnaths are thus possible in a variety of directions, and these movements which must alter 
the size of the food groove between the paragnaths, or the positions of the setose paragnath edges 
which form one of the openings to the oral cavity, are probably of the greatest importance in 
the feeding mechanism. 

The labrum, unlike the paragnaths, is probably only slightly movable as a whole, but 
localised changes in shape are of importance. The armed lower edge overhanging the incisor 
processes can be lifted up by a pair of longitudinal muscles which pass to the anterior labral 
ectoderm. Dorso-ventral muscles in the middle of the labrum will have the opposite effect 
on the posterior edge (fig. 2a). The median group of setfe on the posterior face of the labrum 
can be directly moved by the median antero-posterior muscle. Many of these setae are directed 
upwards and forwards, and so, by contraction of the muscle, they will help to scrape food 
upwards into the oral cavity and on to the molar processes. Other paired muscles radiate in 
various directions from the face of the labrum forming the walls of the upper oral cavity. 
Contraction of these muscles will increase the size of the upper oral cavity, and so help to suck 
food into it. ' tiA": v ^ - v' ; - 


Feeding Habits. 

ibits two distinct methods of feeding. It may feed either on suspended 
it filters from the incoming food currents or on large masses of food which 
thoracic endopodites. In its established condition in the large tanks at 
loubtedly largely subsistent upon suspended food. The vast majority of 
ays found swimming horizontally in swarms a few inches off the bottom. 
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ith their thoracic endo- 
lv are they seen making 
lervation in bowls 
iiid will also feed very 


They have never been observed to rest on solid objec 
podites in a lobster-like manner, as does Macromysis . . 

excursions into the mud or on to the substratum. However, when kept lor obi 
of still water they show a much greater tendency to search the bottom 
readily on large pieces of food. 

In the tanks in which they occur 
bottom detritus, so that for some e. 
of suspended matter. Further, own 
particles, the smaller particles must, 
ones occupying the zone close again 
size of the suspended particles is an nr 
Heniimysis swarm. Also, there must 1 
pended particles for filter feeding, and 1 
individuals of the same size usually s 
found much closer to the bottom than 
water, probably because the food gi 
unworkable. 

If the animals are kept in still se 
suspended matter soon settles to ■ . 
the bottom, and the food becomes 
insufficient for feeding by filter- 
ing during horizontal swimming. 

Under such circumstances the 
animals swim down to the bottom 
and take up a vertical position, 
resting on the antennal scales and 
inner flagella of the antennules as if 
on a three-legged support (text-fig. 

7). The thoracic exopodites create 
the usual currents, which, how- 
ever, are slightly modified owing 
to the presence of the substratum. 

The outgoing streams remain un- 
altered. but the streams towards 
the body from in front now How 
rifl.rsi.ll el 'and close to the substra- 


r, the fish, especially the flat fish, constantly c 
distance off the bottom there must be a plea 
g to the different rates of settlement of I t 
roughly speaking, occupy the higher level 
t the bottom. It is probable that this gra 
iportant factor in determining the level * 
be for each size of individual an optinuui 
hence this gradient may also account, for 
warm together. Certainly the larger ini 
are the smaller. The animals si rough d 
move becomes choked and the filtering 


i localised, and therefore povvertui. 
lass of pari teles from the bottom 
•e shot upwards into the wafer 
ultimately drawn in towards tin 
♦earn. That this is a very efficien 
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mechanism for renewing the supply of suspended matter in the water can be seen ex- 
perimentally. An individual with an empty stomach is placed in a small tank of sea 
water, on the bottom of which a layer of starch grains, stained with iodine, has been 
allowed to settle. The mysid usually assumes almost at once a vertical position resting 
on the bottom, and two dense streams of the coloured starch grains are seen to be drawn 
up at the sides of the head. These grains are carried upwards for a distance of 2 inches 
or more before they disperse. Very soon the lower layers of water become charged with 
starch grains forming a conspicuous cloud in the water round the animal, and these grains 
become drawn in with the food stream and pass into the stomach, the colour of which 
darkens in a few moments owing to the contained coloured starch. This is one method by 
which food is obtained off the substratum, but the food is here only utilised indirectly after it 
has passed into the water circulation induced by the thoracic exopodites. However, food 
lying on the bottom may be directly collected and eaten when suspended food is scarce. In 
a tank prepared as above, an individual may sometimes be seen to swim along the bottom with 
its body tilted at an angle of about 20 to 30 degrees (text-fig. 8). The inner flagella of the 
antennules and the antennal scales plough into the layer of starch, which is further disturbed 
by the antennal flagellae being dragged along by the side of the body. As the animal moves 
forward the starch shovelled up in this way is seized by the thoracic endopodites, and the 
mass so collected held against the mouth-parts which convey the food to the mouth. Hemi- 
mysis will also plough up mud in a similar way, but it does so less frequently a.nd does not 
devour the mud so readily as it does the starch. 


Filter-feeding. 

The production of the food currents by the rotation of the exopodites of the thoracic 
limbs and their passage in between the bases of these limbs into the food groove has been 

described above (p. 228). An efficient arrangement 
• exists which prevents these entrances into the food 

I ■ f . ' • groove from becoming obstructed, in the form of the 

■ / S' . set® already described on the thoracic limb bases 

which project across the lateral openings (p. 225). 
Any material collecting on these set® tends to be- 
■ ■ • come dislodged and swept away by the backwardly 

A flowing current between the limb bases and the edge 

of the carapace (see above, p. 229, and text-figs. 3a 

Tkxt-pio. 8.— Latt-ral view of an animal Swimming &nd 8b )‘ In male the lateral ^t® On the penes 

along the bottom and ploughing up food particles similarly guard the posterior openings to the food groove. 


ie-: suspended £o( 
e numerous. I 


particles are tew trom when 
ated particles carried in by 
l enter the narrow tubular 
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(l passes out laterally 
! k limbs and maxi Use. 
to the long anteriorly 
wliieli project forward 
er, together with the 
wards into the mouth 
It is the basal endite 
sin. its comb of set* 
eles from the outgoing 
it trunk limbs are only 


as already mentioned (p. 229), the food stream divi 
through the combs of set* from the basal endites 
Food particles are thus deposited on these combs, 
directed spines from the basal endite of the maxilh 
as far as the oral cavity. In any case it is undo 
reduced anteriorly directed food stream, which pus. 
in the neighbourhood of the mandibular spine-rows > 
of the maxilla, however, which is the onU true filter 
is very closely and finely feathered, and effectively i 
food current. The combs of set* on the proximal ■ 

coarsely feathered and do not form a filtering plate. 

The way in which particles from the food stream are retained can he flour \ wen 4 
sections of an animal which has been kept in a suspension of iron saccharate. J he par 
of iron saccharate are collected in a normal manner, and the animals hve tor an uideh. _ . 
period in such a suspension. The particles remain sticking to the tood groove ..in d n 
parts after sectioning, and by treatment with ferrocyamde become clea.lv recognis.* _ ^ 
their blue colour. The diagrams in text-fig. 9 are made from such a senes oi ^tions. i**'- 
are found throughout the food groove ? but they are more eonmi ,iu m < u h Umm\ on 
the paragnaths near the mouth (text-fig. 9«). An even accumulation 1 l " 

the ventral side of the combs from the proximal endites of (Tie maxih*, lut , ; 

appendage, and no particles are present in the path of t le outgoing ooi s y * , 

9b and 9c). Clearly, these combs must be filtering the food stream, the eonclusm y- 

by direct observation. Collections of particles are seen on the set* o o iu L ‘ » ^ 

notably the proximal endites and dactylopodites of the first trunk limbs and 1 th ^ dl tn f ^ 
. .i - _i „,.,,,ni. T , Tiioao arp na.rtic.lfts already retained m the tood gioovt, and a 


maxillavv comb is scraped against the first f horac-c ernhle. t is 
p„rti,<l« arc partially auckci forwards Iron, tlu- Idler, no etui, tee 
eoul.rwclioiis of ils anterior wall, ami in Ibis way partielea may para 

ocesses of the mandibles. . , 

<eril.es tl,e meehanism by vvlii.-h tood is IniiMtorml ml,, he ,»» >lh 
■e sufficiently scarce to be dealt with by the mouth-parts as lay 
e so that no accumulation occurs m the food basin. Whim, how- 
considerable amount of suspended particles, the feeding react urn is 
s of the limbs become more extensive, and, if Mm particles prove 
e made to draw them into the ventral thoracic spare. 1 he mwurdly 
isipodites are divaricated so that the size of the channel is increased, 
j stand slightly backward instead of a little forward, so that then 
? ay from the eighth basipodites, thus leaving the posterior channels 
open. Larger food particles collect to a considerable extent ui the 
the first trunk limbs. The basipodites of the trunk limbs vibrate 
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Text- fig. 0.- — A series of diagrams of transverse sections at the 
levels marked in figs. 26 and 5, to show the filtration of 
particles from the food stream by the maxillary combs and 
the subsequent path taken by these particles. The diagrams 
were made from sections of an animal fed on iron saccharate. 

Fig. 9a. — Section showing the food concentrated in the upper 
part of the food groove between the paragnaths. Into the 
lower part of the groove project the first thoracic daety- 
lopodites and the maxillary palps. 

Fig. 96.— Section through the posterior part of the maxillulary 
segment and cutting through the distal parts of the maxilla. 
The food stream from the food basin passes sideways through 
the comb on the basal endite of the maxilla, on which is 
deposited all suspended matter, and out between the base 
of the maxillule and the maxillary exite. Into the food 
basin project the distal maxillary endites, and the long setae 
from the basal endites of the first thoracic limbs. 


Fig. 9c. — Section slightly posterior to that of fig. 96. The 
filtered food stream is seen joining the exhalent respiratory 
current, and the basal endites of the first thoracic limbs are 
cut in section. Text-fig. 2c is just posterior to text-fig. 9c, 
and shows the union of these endites with the first endopodite. 

c., carapace ; /. has., food basin ; /. 6/s., food basket formed by 
the third to eighth endopodites; f. gr., food groove ; mx. 1, 
maxillule; mx. 2, maxilla; mx. 2 d., divided distal endite 
of the maxilla ; mx. 2 ex., maxillary exite ; mx. 2 pi., maxillary 
palp ; mx. 2 p. s., filtering comb of setse from the proximal 
maxillary endite ; n.c., nerve cord ; p., paragnath ; th. 1 dac., 
first thoracic dactylopodite ; th. 1 e., proximal endite of 
first thoracic limb ; th. 1 es., anteriorly directed setae from 
the proximal endite of the first thoracic limb ; 1, 2, 3, etc., 
first, second, third, etc., thoracic endopodites. 
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off by the bases of the first trunk limbs and passed forward to the mouth-parts, ihe maiidil)- 
ular palps are also functional during such feeding. They are periodically rotat ed do w uwaub, 
either together or separately, so that they hang vertically below the manchble. Ihe broad 
bases of the palps present a large surface of resistance to the ■water, inn > } uin o a \ 

any forward flow over the mouth-parts. This would bring mam l Mltl<il ^ ° <><K () 

a standstill which would otherwise be carried away. They would then be more easily caught 
by the ends of the endopodites of the first and second thoracic hmbs. winch are coutnma !\ 
clutching at the water in this region. Rarely the tips of the palps are bent right hack an. 

used to scrape the food forward from the base of the first trunk limbs. . . , 

The food which is thus accumulated in the neighbourhood of the mouth n Intten into 
by the distal endites of the maxillules and by the incisor process! s of the mamhb e*. ha 
bitten off by the former is pushed forward by the long maxillulary spites on to the >pim-iov, 
of the mandibles (tig. 8a). That by the latter is pushed on to the left henna main, h* ur her 
biting of the mandibles must push this food mass upwards on to the right uc t o m d • . 
From here it would pass to the left spine-row and then across to the right , and the lutUi 
push it directly upwards on to the molar processes, where it would k ground and kicked 
into the oesophagus by peristaltic action. It, is highly improbable that any food «|»£onM 
fake this exact path, hut the asymmetrical arrangement oi the mandibles and the lute o v 
of the incisor processes, the lacinm mobiles , and the spme-rov- provide a meek. n s. , 
which the simple lateral movements of the mandibles must fianski out. 101,1 
incisor processes to the dorsal molar processes. In this transference the adorahy piojeck^ 
hairs on the mobile paragnaths and on the movable floor of the upper oral cavity au un- 

d0 “ b H ™ mpalkbl.-, tho*. tlmt bavo reached jlu- 

thrown out sideways, and no effort is made to eolieet smailer lragnien a t lilt »M} * “ ‘ , 

combs of setic on the maxilla and that thoracic limbs. The tat ot .**><£•>»-£ 
most actively to scrape ont the food groove and to remove lore, gn bod.es. ■ ‘ > ■ » ' 

however to suspended matter not suitable for food and present n, an.v ,|ua„t,.j is a t ml nl 
effS b y the animal to swim onl of such a region aml lo *'^e <be b^y ,ve hom^rtm 
This is doubtless necessitated by the automatic manner m w Inch the food i> ‘ ^ * ' ' 

The extensive la brum is not provided wit li krgv kkk gSiaxh a- >u 1 J ! n u ' r t > 1 Iwl- i\< >i 1 
little if any, viscid secretion is present, in the food groove and round the tnout h ! lu o U < 
o! suspcmckd particles appears to be carried out unaided by any food-enlanghng seeretmu. 

Feeding on Large Food Masses. 

Besides being a filler feeder, Hemimysis also feeds from large solid «f 

may be either living or dead. The nature of such food has been diseased at length b> l m* 
dolla (1923). Large food masses are seldom secured by a horizontal y swumumg enani>sib 
unless they are alive. Pieces of decomposing matter are frequently obtained iron, t he bottom 
of the tanks Where such detritus is lying thickest an individual may often w »een mpn > 
to dive into it and emerge carrying a corpse of another mysid or some other piece oi orgaiuc 
matter The food is held by the thoracic endopodites and consumed as ie annna b\\i n 
'.'X awaY ’ Buch food masses vary greatly in size, from a Sagitta exceeding the mysui m long li 
to narlieles which are simply too large to be dealt will, by the l.lteMee. hug 1 «e 

tnmluki.lwhlbcl, !e mouth*parts by iij„ ion^ third to vi»lif!i cmlupodttea. ThornuH.- 
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articulate propodites of these limbs renders their distal extremities very flexible, so that they 
can readily manipulate the food, turning it about in any direction. When the food mass has 
been caught and held by these endopodites it is suitably orientated and brought close up to the 
mouth-parts. This result is largely effected by the mandibular palps and the first and second 
endopodites. The palps either grip the food between them or bend backwards and press it 
over the mandibles. Their outward and downwardly projecting setae from the distal joint 
are very effective in gripping the prey even if it has a smooth chitinous exterior (fig. o and 
text-fig. 3a). The endopodites of the first and second limbs hold the food close to the body 
like two pairs of clasping arms ; the incisor processes and the distal endites of the maxillules 
directly bite into the mass, and the subsequent path of the food is as described above (p. 233). 
After every few seconds the whole mass is shifted about by the holding appendages, so that 
new surfaces are continually being held to the mouth. In this way such an unwieldy object 
as a Sagitta can be eaten by a Hemimysis. 

It is clear that the two methods of feeding — the feeding on large food and the filter-feeding 
are quite independent, and, although we have not observed both methods of feeding being 
carried on at once, it is highly probable that this does take place. 



The mysid Praunus flexuosus , Mull., studied by Depdolla (192o), is more than twice the 
size of Hemimysis lamornce. It does not appear to differ from it in any important point in 
the structure and arrangement of its limbs. Its method of swimming also appears to be 
similar. It is thus highly probable that the feeding habits and the use of the appendages 
in the two forms will be in all essentials the same. However, Depdolla’s account differs very 
considerably from the account we have given in this paper. 

He rightly observed the two methods of feeding— firstly, by catching large food masses ; 
and, secondly, by the collection of suspended particles. His account of the water currents 
produced around the animal is very scanty and differs essentially from our observations. 
Firstly, he states that two symmetrical water streams inclined at an angle of 30° to the axis 
of the body approach the antennal scales from in front. Water certainly does stream roughly 
towards the antennal scales from in front, but this is only part of the general drift towards 
the body. It becomes localised more markedly into two streams when the animal is standing 
on its head to feed (p. 231), but in this case the streams are parallel to the body. However, 
he states that the two streams unite into a single stream that flows backwards between the 
thoracic endopodites, and brings all floating particles into the neighbourhood of the mouth. 
Here they are caught by the first and second trunk limbs and by the maxillae. We are quite 
certain that this account is totally wrong. Firstly, there is no water-stream flowing backwards 
between the trunk limbs. Most of the water approaching the animal from in front on reaching 
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ment and movements of the mouth-parts, especially the mandibular palps with their very 
broad bases (figs. 1 and 5), make it highly improbable that any effective food stream would 
enter tin 1 mouth region from in front. 

The primary fault in Depdoela's observations was his inability correctly to observe the 
water currents around the animal. But, in addition, he made no attempts to analyse the main 
stream into the constituent swirls caused by the separate thoracic exopodites, neither did he 
make any detailed observations on the general structure of the animal and the interrela- 
tionships of its appendages. From these deficiencies in the observational work, together 
with the reasons we have given above, we consider that Depdolla's account is essentially 
incorrect. 

Detailed observations on the feeding habits among the Malacostraca. have so far been 
limited, with the exception of Depdou.a's paper, to the Deeapoda, and among them only 
Pahemon and Curtin us have been studied at all fully (Borradaile. 1917, 1922). In these forms, 
however, there is no filtering mechanism, and it is in the possession of such a mechanism that 
the chief interest in the feeding of Hemimysis lies. This interest has been greatly increased 
by the recent interesting work of Storch (191 1-25) on t lit* feeding habits of certain Branchio- 
poda arid Copepoda. In all these “filter-feeding” forms Stoech describes a mechanism that: 
can be divided into four parts : (1) a pump or some other mechanism lor attracting the water 
carrying t he suspended food part ieles to the mout h-parts ; (2) an apparat us for abstracting the 
food particles from i his water, termed by Btorch the filter apparatus ; (8) a n exit for the filtered 
water ; and (4) an apparatus for carrying the collected food forwards to the biting mouth-parts. 
In Hemimysis, considering only the limbs in front of the second thoracic limb, all the con- 
stituents are present. The suction-pump is provided by the maxilla. The filtering apparatus 
consists of the first endite of the maxilla. The exit tube for the filtered water is mainly 
between the maxillary exite, the maxillule, and the body wall. The apparatus for carrying 
the filtered food from the filter on to the biting mouth-parts consists of the proximal endite 
of the maxillule, together with tin* long-feathered seta on the proximal endite of the maxilla, 
and the basal endit e of the first trunk limb. 

The existence of the four constituents of the filter-feeding mechanism is not in itself of 
much significance, because together they merely constitute what we know as a filter mechanism, 
and the absence of any one of them would render the whole apparatus unworkable. But 
Hemimysis is peculiar in that the mechanism for bringing the food hearing water to the mouth 
consists of two distinct parts, the maxillary suction-pump and the thoracic exopodites. The 
latter nick the wafer into tin* exopodite swirls and force if anteriorly along the ventral food 
groove, while the maxilla sucks it out of the anterior end of the food groove and forces if into 
the exha lent stream. It is thus obvious that while the (wo parts work together the maxillary 
part is independent of the other, and would still function in the absence of the thoracic exo- 
podites. This independence allows the possibility that the part played by the thoracic 
exopodites may have been secondarily added to the more anterior tillering mechanism, the 
evolution of the “swirl” mechanism of food gathering having evolved from an essentially 
swimming reaction long after the establishment of the anterior maxillary apparatus. 

A feeding mechanism which shows an interesting resemblance to that of Hemimysis is 
that of Apus. In this form, according to Lundbead (1920, p. 93), the limbs immediately behind 
the mouth are used for seizing and feeding upon large food particles, while those behind are 
used simply for respiration. Now, Storcii points out (1025 20, p. Hi) that these posterior 
limbs must automatically collect minute suspended food. While we cannot agree with the 
reasoning by which Storch deduces this fact we have our own reasons for believing it to be so 



(p. 244), bo that we have in Apus, as in Henrimysis, a feeding mechanism, voluntary for large 

food in front, automatic for minute food behind. ' ' ... 

A comparison of the feeding mechanism of Hemimysis with that of Diaptomus, as described 
by Storch (1925c), also reveals interesting similarities. In both forms the maxilla acts as a 
true filtering mechanism; and in Diaptomus this is, according to Stobch, the sole method of 
food gathering ; but, whereas in Hemimysis the maxilla by its own activity sucks water through 
its fringed endites, in Diaptomus the maxilla is a passive filter. It remains stationary and the 
water is sucked through it. The cause of this suction is a current drawn from the main locomo- 
tory backflow of water, and caused to pass close against the body on the outer side of the 
maxilla by a very rapid backwards and forwards movement of the maxillulary exite. The 
food material retained by the maxilla is combed forwards on to the mandibles by the endites 
of the maxillules. In Hemimysis, also, food material is pushed forwards by the maxillulary 
endites, but the latter do not act as combs scraping the food off the maxillae. This is carried 
out by the setae of the basal endite of the first trunk limb. 

The main difference between these two forms is thus the different methods by which the 
food stream is caused to pass through the filtering apparatus. However, from Storch’s 
account and from his figures it is clear to us that a factor of equal importance to the sucking 
action of the maxillulary exite is the backwash in the neighbourhood of the mouth resulting 
from the swimming activities of the second antenna; and the palps of the mandibles and maxil- 
lules. As we explain later (p. 244), between such backwardly beating structures as these 
swimming appendages there must exist a backwash, and this, together with the large upper 
lip projecting downwards in front of the mouth, must result in water being sucked in between 
the maxillary endites. The action of a large labrum in sucking water into the mouth legion 
was explained in connection with the feeding of the nauplius of Estheria by Cannon (1924) 

(see also later, p. 248). We thus consider that in Diaptomus, also, the food stream is brought 
to the mouth partly by limbs other than the mouth-parts; but, whereas in Diaptomus these 
accessory limbs are the preoral and oral limbs, in Hemimysis they are the trunk limbs. 

In Daphnia, Storch (1924) has also described in great detail the “filter-feeding” 
mechanism, and here, again, he describes the four separate constituent parts. However, 
we consider that Storch’s account is not completely correct, and that the method of 
feeding as we describe it differs from that of Hemimysis in certain very vital points. 

He states that the structures which suck in the food-bearing current are the endites of the 
third and fourth trunk limbs. These endites are placed almost vertically with their set® 
pointing upwards into the groove. They diverge slightly from behind forwards, and in passing 
upwards towards the trunk they slope inwards (Cannon, 1922, p. 221) (this agrees with Storc^-\ 
figures). From the fact that they are nearest together at their posterior ends the outwhte | 
movement sucks in the water from before backwards. Storch states that in the invirds ^ 
movement the ventral edges come together first and then the more dorsal fringed portions. ^ 
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method, there is no layer of particles to be seen on the inner face of these endites such as 
would occur on the ventral face of the maxilla of Hemimysis, and this we take as clear evidence 
thaf these endites are not actually filtering oil’ the food particles. We agree that they do 
prevent particles from escaping from the central filter chamber, but this is quite different 
from filtering those particles. An example may make this distinction more clear. Mud or 
detritus in a stream can be prevented -from passing down stream by sweeping a brush back- 
wards and forwards up against the stream. In this case the mud is mainly held back by the 
force of tlic water currents being swept against it. Some particles will stick to the brush, 
but the majority will he pushed back away from it. Now, this is quite different from blocking 
the -iream with the brush and letting the force of the stream carry the mud particles against 
it, where they will be filtered off. We emphasise this difference, because we see no reason for 
assuming that tin* real filtering action of the maxilla; of Diaptomus and Hemimysis has been 
evolved from the sweeping action, or paddle action as we call it. of the Daplmid trunk limb. 

The second point on which we disagree with Storch is in the function of the gnatho bases 
of the second trunk limb. 

Storch maintains that these sweep tin* food particles off the filtering combs of the third 
and fourth trunk limbs into the food groove, lie gives a >omewhat diagrammatic figure 
showing the setules on the seta; of the gnathobase pointing towards the endites that they are 
supposed to comb. We have not been able to see anything so definite as his figure. From 
our sections the setules simply point irregularly towards the food groove. Wtohoii also con- 
siders that the gnathobase pushes the collected food forwards along the food groove on to the 
maxillae. But of the ten setae on this gnathobase only three point definitely towards the mouth, 
the remainder pointing posteriorly ; and, since the movement is mainly dorso- ventral, it is 
difficult to see how it. can sweep particles anteriorly. 

We believe, that tin- account given by Cannon (1922) for Simoeephalus is essentially 
correct. Tin- food bearing wafer is sucked in by the outward movement of the endites of t lie 
third and fourth trunk limbs, and, “since they are not placed vertically, hut are slightly 
further apart at their proximal ends than at the end of the comb of seta* in the food groove, 
the outward movement, in all probability, causes a small backwash in a forward direction in 
the food groove.” While this statement is correct it is not complete. The fact that the 
endites slope inwards as they pass upwards would, on the outward movement of the endites, 
simply cause the water to pass upwards into the food groove. This upward movement is, 
however, more probably mainly due to the fact, as stated by Storch, that in the inward move- 
ment of the endites their ventral edges come together before their more dorsal portions. How- 
ever. we consider that it is also on the inward movement of the limits that the water sucked 
into the “filter chamber” between the endites is caused not only to pass upwards, but is 
forced forwards along the food groove, dust us the water is sucked in between the endites 
from before backwards on their outward beat, so it is forced forwards on their inward beat, and 
this is simply a result of the fact that they are further apart in front than they art; posteriorly. 

The gnathobases of the second trunk limbs can be divided into two portions. The pos- 
terior part sweeps the filter chamber free of particles into the food groove, so that the actual 
food collecting from the food st ream is carried out by this gnathobase and not by t he filtering 
action of the third and fourth trunk limb endites. As we have already stated, Storch also 
considers that the gnathobase assists in collecting food into the food groove, but he considers 
that it is primarily filtered off by the third and fourth endites. 

If a Daphnid is treated by the iron saccharate method, the sections show the particles 
of iron being gathered on the hairs of the gnathobase of the second trunk limb; but there 
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is no layer of the particles on the inner side of the third and fourth trunk limb endites. The 
whole of the filter chamber shows scattered blue particles, and these are concentrated only 
on the tips of the gnathobase pointing towards the food groove. 

The food particles so gathered we consider are then carried forwards by the current 
towards the mouth, and in the neighbourhood of the maxillules the anterior parts of the 
gnathobases sweep the secretion of the labral glands on to them, so collecting them into a 
coherent mass which can then be pushed forwards by the maxillules on to the mandibles, 
the water currents at the same time passing outwards at the bases of the first trunk limbs. 
On the question of the function of the labral glands in the feeding mechanism, Storch will 
not commit himself. He states (1924, p. 211) : “ Wieweit beirn Zusammenbacken der Nahrung- 
steilehen im Bereich des Vorbringesapparates das Sekret der Oberlippendruse eine Eolle 
spielt, daruber stehen mir keine eigenen Erfahrungen zu Gebote.” However, in such a form 
as Daphnia, it seems highly improbable that the food gathered in the food groove would 
remain there and ultimately be passed to the mouth unless it was held together by some 
secretion. At the anterior end of the food groove in front of the endites of the third and 
fourth trunk limbs there must be considerable currents passing out laterally, and small isolated 
particles would necessarily be washed away before they reached the mouth. In considering 
this question it is misleading to consider the feeding of Daphnia on such things as suspended 
carmine particles. These normally adhere, and are therefore not of much use in observing 
feeding mechanisms. It is isolated particles, such as single diatoms, that must be considered, 
as it is upon this sort of food that Daphnia feeds. 

In support of the importance of the labral glands in the food-gathering process, Cannon 
mentioned their precocious development in the nauplius of Estheria (fig. 14). In this form a 
food current is sucked into the mouth region by the presence of a large labrum, and, obviously, 
the water cannot pass into the mouth. In addition, there is no apparatus for pushing the food 
into the mouth except the single masticatory setae on the antennae. It is very difficult to 
imagine these setae pushing a single diatom into the mouth, but, on the other hand, a viscid 
mass of secretion in which the diatom was embedded could easily be pressed forwards into 



the mouth. 

To summarise, while Storch considers that the feeding process is, in a Daphnid, essentially 
a filtering process, we consider that the food is carried to the mouth by the water currents 
in which it becomes concentrated by the action of the gnathobase of the second trunk limb, 
and finally entangled in a viscid secretion in the neighbourhood of the maxillules. The latter 
pass the entangled mass on to the mandibles. Thus at no time is there a true filtering process 
such as occurs in Hemimysis, and, according to Storch, in Diaptomus. Filtering does take 
place necessarily to a certain extent. It would be impossible to move the comb-like endites of 
the third and fourth trunk limbs through the water without some water passing through its 
setae, and hence a certain amount of filtering would be carried out; but we consider that this is a 
secondary result, the main action of the endite being that of pushing the water in front of it, and 
for this purpose, as Storch has shown, the arrangement of setules on its setae admirably fits it. 
It may be mentioned here that Naumann (1921, pp. 9-11) also agrees in considering the anter- 
iorly directed current in the ventral food groove as an important factor in the feeding process. 
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pass upwards between the limbs to the ventral food groove. Here they unite into a more 
powerful anteriorly directed current along the food groove. Now, Storch (1924. p. 220) does 
not consider - this ventral food stream important in transporting the food collected from the 
currents towards the mouth. He considers rather that it is chiefly by the sweeping action 
of the gnathobases, or, in the case of Chiroeephalus, of the proximal part of the first endite, 
that this is carried out. He states (1924, p. 221): “Es gibt kein a Is Wasserstrom za bezeich- 
nendes Bewegungs-phanomenen in der Bauchrinne, sondern nor ein Kehrvorriehtung, die 
ruckweise die abgelagerten Nabrungspartikelchen vorwarts hefordet." But in Chiroeephalus 
the walls of the food groove are formed by the spines of the proximal evidites of the trunk 
limits, and these all project either dorsal ly towards the food groove or posteriorly. The 
spines which project forwards are outside the others. The forwardly projecting spines on any 
one limb are covered .over on the. median side by the backwardly projecting spines of the limit 
in front, so that the supposed gnat hoba sic portion of the proximal endite, if if did function 
in pushing food forwards, would push it in between successive limbs and not in the food 
groove. Stobch also considers the trunk limbs of Chiroeephalus as due FiltmtmnseimiehUiwj 
(1.925c, p. 59.51), and lie constantly compares them with the “filtering” endite* of the third 
and fourth trunk limbs of the Daphuid*. However, he does not give any indication of how 
the residue filtered off by the trunk limbs is transferred into the food groove. As in the case 
of the Daphnids, we do not consider the limbs essentially as filters, and we agree with Lrxm.ii , ad 
that an anteriorly directed stream in the ventral food groove is one of the main factors in the 
feeding mechanism. 

Having come to the conclusion that the Anostraean method of feeding is the most primi- 
tive, Storch now takes the Anostraean limb as the least specialised, and derives the other 
types of feeding limbs from it. Thus the limb of Apus is derived from that of Chiroeephalus 
bv t he development of the gnathobase, and not vice versa. The proximal endite of the Chiro- 
eephalus limb is supposed to have become divided into two, the proximal portion becoming 
the gnathobase. There are two main reasons why we cannot accept Btorch’s views. Firstly, 
in any continuous series of limbs which do not show any marked differentiation into tagmata 
(be. in which any structural gradations are continuous in the series) it is in the most posterior 
limbs that the more primitive characters are found,* and this applies most to the limbs associ- 
ated with feeding. Now, Borradaile (192G, pp, 197-98) has shown that the last trunk limb 
of Chiroeephalus exhibits an extra endite occupying the position of a gnathobase, so that we 
think it probable that the anterior limbs have lost their gnathobases rather than that tin 1 
posterior ones, where the gnat hohase would be of least use, have developed them. The second 
reason tor disagreeing with Storch is not so much that we cannot regard the Anostraean 
limb as primit ive, as that t be recent work of Scoi rkiki-d (p. Blj on Lepidooaris clearly indicates 
that the Apus-like limb arose from a limb totally unlike that of Chiroeephalus. In Lepidocaris. 
the posterior trunk limbs are simple, luminous, foliaceouw appendages (text-tig. 155), and we 
take the view that those represent the most primitive of the trunk limbs, in passing for- 
wards, the enditos, and the set a* on these endite,*, become more pronounced, and, in addition, 
a definite gnathobase is formed. At the same time, the exopodite shifts its position on the 
limb axis so as to arise near the base of the limb (text-fig. 18), and thus on the first t rank segment 
wo have a limb which closely resembles the typical trunk limb of Apus. The gnathobase is 
remarkably similar. The exopodite represents the fiabellum, and, in fact, it is only in the more 
distal portion of the limb that there is any marked difference. Here the distal endite is armed 
with very strong set® which recall those on the trunk limbs of Chydorus. Probably in Lepido- 

* Since writing the above. Dr Cabman km expressed the same opinion, Nature , voL cxviii, 1926, p. 89. 
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caris this development was associated with a similar habit of crawling over the surface of 
plants as Frank® (1925) has described for Chydorus. 

We consider, then, that Scourfield’s accurate and brilliant description of Lepidocaris 
suggests very strongly that the primitive Crustacean limb was a simple, biramous, foliaceous 
appendage, and that from it the “ phyllopodium ” such as occurs in Apus was derived. The 
Anostracan limb may have arisen from a limb similar to that of Apus and the anterior trunk 
limbs of Lepidocaris ; or, on the other hand, it may have developed independently from the 
biramous type. On this point we have no definite morphological evidence, but, as we explain 
later, from a consideration of the feeding habits we incline to the former view. 

The two main faults in Storch’s reasoning appear to us to be that he considers the food- 
gathering limbs essentially as filters, and that the action of the anteriorly directed food current 
in the median ventral food groove is negligible. If, now, these limbs are regarded essentially 
as paddles, then they must gather food and direct it forwards by a current along the 'ventral 
food groove towards the mouth, whether or not they are provided with gnathobases. In 
order more fully to illustrate this idea, it is necessary first to consider the currents produced 
in a fluid by a simple paddle-like structure. 

When any paddle-like structure moves through water there is always, as with the swirl 
production of the thoracic exopodites of Hemimysis, a backwash of water 
— > round the sides and over the tip. Further, this water in passing round 

I the edges of the paddle is given a vortex motion. Text-fig. 10 represents 

ip the side view of a paddle moving from the right to the left. It can 

f, also represent the side view of any simple swimming limb, in which case 

Ir-^ the animal bearing it would be moved to the right. The arrows indicate 

1| r~WL , the backwash, their length denoting its extent. At the tip, where the 
lL- — paddle is moving fastest, the backwash is naturally greatest. The water 
passing round the sides, it is clear, is given no impetus towards the base 

of the paddle, but the vortex of water passing over the tip has a definite 

upward motion. Now, the momentum of this vortex must carry water 
f U P ^ ie front surface, (right-hand side in the figure) of the paddle, and the 

vXj degree to which it will pass upwards is proportionate to the momentum 
Tjsxt-fio. io.— D iagram °* vorte x. This, .in turn, is dependent upon the speed at which the- 
representing the hack- tip of the paddle is moved through the water. This means that the faster 
prfdTe^a'remidThe P a( *dle forced through the water the greater will be the flow of 
sides and tip of a paddle water up its front face. It follows that in any series of backwardly 
moving from right to beating swimming limbs there will always be an upwash of water or 
eddy current close against their front surfaces. Actually there will also 
be a similar current up their posterior faces, but this will be much weaker than the 
anterior, owing to the forward stroke of the limb being weaker than the backward (the 
effective swimming stroke). 

While the speed at which the limb is moved through the water partly determines the 
amount of the backwash, the breadth of the limb is obviously another determining factor. 
The broader the limb the greater the backwash, since a greater amount of water will be pushed 
backwards. Now, we consider that this backwash is an essential feature in the food-gathering 

mechanism of the phyllopodial limbs. It is thus interesting to note that other limbs which 
are entirely swimming appendages and do not collect any food such as the second antennae 
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would extend simply along the front of the joints and setae, and would not be directed in any 
special direction. 

W o wish to emphasise that the backwash produced by any paddle or flat limb is not 
merely a small current to be neglected, a current that may or may not occur, but that it is an 
absolutely necessary result of the movement of any such paddle through water. Water is 
simply a fluid exhibiting a certain degree of viscosity, and as such no paddle can possibly 
move through it without producing the backwash currents that we have described. In con- 
sidering any swimming organism, the presence of the backward-flowing stream is taken for 
granted, hut it is usually forgotten that, for the production of that stream there must, of 
necessity, have been corresponding backwashes round to. the from surfaces of the swimming 
lim bs. 


We will now consider the currents resulting 
to each other- with a comparatively narrow 
space between them. Text-fig. lib shows 
the backwash produced by a single paddle 
when viewed from in front, the length of 
the arrows, as before, indicating the extent; 
of the backwash. The amount of water 
passing round the sides is clearly at a maxi- 
mum near the tip. If a pair of such paddles 
are placed sufficiently near to each other, 
the backwash in between the paddles and 
near tire tips becomes crowded, as there is 
insufficient room for the water to pass in 
between the paddles, and, consequently, in 


from a pair of such paddles placed parallel 



this region a state of high pressure is set 

up. At the bases of the paddles the back- i j 

wash will be zero, and so there will be no L J ^ v , 

extra pressure. Thus, near the tips the \\ j f 

pressure will be high, while at the bases it Vy” *T K V +• 

will be normal. Now, the water must, pass \Y t ■ J U t\\l \ 

up from the region of high pressure to that \ \ / t j T L\ J . j 

of low; t hat is, the backwash between the \ Y / - — f ' !| ■ ' — * 

paddles must be deflected upwards towards I k/ ^ / W\J ] 

their bases (text-figs. 11c and 1 Id). j f * 1 / * | j 

Instead of ;i pair of parallel puddles. l/~ \ ' — ''y U \ 

consider now a paddle moving compare- ' ^ S j \ ” / \ ^ 

lively close to a flat surface. The same 

reasoning applies here as to the pair of d 

puddles. The Hat Surface crowds the Water Ttts-r-m. U.--OiaiattmnH>nw«*ntiriKth<'. Imokwiwh rmiml tlie hiitt'Hof 

, , , • .. . ... , h iduRle uaddlrt (a and b) und ot n pair of pnddltm a and d). 

lie.H tin* (ip of tile paddle and so cteaies , (i s „i, , ,, « „t a dngl< puddl.- ; h, fmm \ i.-w of a -liul.' paddUs 
a region of high pressure, so that again **M'> *&■» of » pair of puddle (<>»iy tin. imokwusii twtwwn tin- 

.ill... . , . , imddltw i» indirati'd) : rf, front view of a pair of tmddli-N. Tim 

H )<M i \\ asli is gi\ell an impetus f O VV < 1 1 d * , Ui.u. ..t- ... tin moon Mhcrt tin; tiM'kw.wli bt-i'imniH iin>w<k'd. 

the base of the paddle. Thus, lexf-fig. IB 

will do for the side view of a pair of paddles or of a paddle moving close against si flat surface. 

Before applying these ideal cases to the consideration of various Crustacean forms, there 
is another point to be considered arising from the fact that in Lepidocaris, Triiobita, etc., the 
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pass anteriorly towards the mouth, and we believe that it was by the production of such a 
loot! stream that Lepidocaris fed. Anteriorly the trunk limbs have developed gnathobases, 
and these undoubtedly arose as adaptations to assist the* food in this food stream towards the 
mouth. The first post-oral limbs have become completely modified and are praetically 
identiea! with maxillules of modern Daphnids. This fact, combined with the fact that Lepido- 
caris possessed a well-developed labruni and probably well-developed lahral glands, suggests 
that in the method of feeding a viscid serration of the lahral glands was an important factor. 

iSCouitFiKLD, in bis monograph on Lepidocaris, considers, in view of the differences that 
exist between this form and the modern Anostraca, that it should be placed, side by side, 
with the other orders of the Branehiopoda rather than being considered as ancestral to the 
Auostraea. We hold rather that it does represent a form from which the modern Anostraca 
could have been derived. The fact that in Lepidocaris the clasping organs are situated behind 
t he mandibles, while in the Anostraca they arc developments of the second antenna 1 , we con- 
sider of little significance 1 , in certain other groups, e.//. the Osiraeoda, the clasping organs 
occur on various segments. The main differences appear to us to 1 h*, firstly, the presence of 
swimming antenna 1 in Lepidocaris and their absence in the Anoslraca, and of the gnat holmes 
on the anterior limbs of Lepidocaris and their absence on the limbs of t he Anostraca, with the 
probable exception of the last trunk limb. These two differences are probably closely corre- 
lated. The disappearance in the Anostraca of the large swimming antenna? necessitated a 
compensatory enlargement of the trunk limits. Thus Lepidocaris, in correlation with its 
method of feeding, leads on to a form with gnathobases and endites on all the trunk limbs. 
This hypothetical intermediate form gave up its swimming antenna?, and to compensate for 
thi- the trunk limbs enlarged to such an extent as to obliterate almost completely the endites 
and the gnathobases. These views are summarised in text-fig. 18. 

We do not mean to imply that the modern Anostraca collect food by the simple process 
we have suggested for Lepidocaris and ifs forerunners. The feeding of Chirucephahis is 
undoubtedly much more complicated; hut we maintain that this process is based essentially, 
not on a filtering action of the limbs, hut on a paddle action, with the necessary anteriorly 
directed backwash along the food groove. 

Storcii’s work on the Brunehiopoda led him to consider the possible methods of feeding 
of fhe Trilohita : and, in order to bring these into line with the modern Crustacea, he has had to 
suggest that (lie fnliaeeous part of the limb usually termed the exopodiie is really the endo- 
podite and rbr nr.sii ( 1 U25 -26). As lie justly admits, lie has not been able to examine 
tiie actual American specimens upon which all modern conceptions of the anatomy of the 
'I nlohile limb are based, hut In* has given no reasons, beyond Walcott’s beautiful photographs, 
in support of his view that the endopodite and exopodiie should he reversed. We are not in 
a position to judge of the relative merits of the observations on which the two opposed views 
are based, hut we feel that w<- must assume that the view bused on the o!»mt\ at ions of l he 
actual specimens is more likely to he the correct one. However, in a reply to a paper by 
liieitTKK (192t») (a paper incidentally the value of which as a criticism is greatly diminished 
by the inaccurate statements that it- contains), Htobch (1920) has put forward his conceptions 
as to the mode of life of the Trilobil.es. and on these points we are in complete disagreement 
with him. lie has deduced that the Trilobites, instead of being, ns originally supposed, 
bottom living forms that crawled on the inner ramus of the limb but could also swim with 
the outer ramus, were really swimming forms like the modern Anostraca. He states (11)2(5, 
p. 154) : “ Ich muss auch waiter auf meiner Ansicht verhamm, dass die Trilobiten Moss sohwira* 
mende Fortbewegungsweise besaszen,” His first point is that among the Crustacea there is 
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no single ease where the endopodite and the exopodite are adapted, the one lor walking, the 
other for swimming, “immer sehen wir die Differenzierung nur in der Art durehgefuhrt, class 
eine Anzahl von Beinpaaren zum sehreiten, nine andere Anzahl von Beinpaaren znm Scliwim- 
men vervendet vvird." This, however, is not so. Some nrysids, fur instance 31 aero myitis 
inn-mis, and many larval forms such as Euphansid lame, can walk on the endopodites of their 
thoracic limbs while the exopodites are swimming organs. The second antenna of certain 
Ostracods can also he used for crawling or for swimming. The second point deals with the 
rhythmical movement which it is supposed was exhibited by the Trilobite limbs. He states: 

“ liiehter M‘lh>t sagt tp. 6016, ‘Die Bewegmig der Beine \ ollzog sich in wellen.’ Aber eine 
rliyt hmische Bewegung in diesen Shine kann wold menials eine Bchrei the wegung sein.” Fn- 
fortunately, he does not give any reasons why rhythmical movement of pediform limits cannot 
result in walking movement. Surely this is the normal method of progression in millipedes, 
it is also by a rhythmical movement of the ribs of a snake that it is enabled to move when 
coiled up in the branches of a tree. But even in such a common form as a lobster the trunk 
limbs move rhythmically. In fact, when limbs are numerous, a co-ordinated rhythmical 
movement is necessary for the stability of the body. His third point is that nowhere among 
the Cru-taeea are flat, unjoinled, foliaceoiis limb-, (7. iinjure, rtremilafen) primarily swimming 
organs. Tin se arc always powerful joinled limbs (Shrhffe.rtremiliiteit ) ; witness the second 
antenna* of Cladocera, etc. He admits that such foliaeeous limbs may be swimming organs, 
e.(j. in Anostraea and Aotostraca, but in these cases this is a secondary function. He puls 
forward the view rather that the pediform branch of the Trilobite limb, p. 156, “der kraltig 
mid unbehindet ins Wasser hinein wirken kann,’' represents the swimming portion of the limb, 
tin' foliar ecus branch acting as a food gatherer and at the same lime supporting the pediform 
branch. Exactly how the two branches of the limb worked together he does not explain; 
but . il hi- content ion is correct , it appears to in purposeless to distinguish either branch specially 
as t lie swimming organ. If t hey do work together “ in emjster Koppchnuj" (p. 156), the pediform 
branch would provide the motive power of the swimming stroke, while Hit* foliaeeous branch 
would offer the large surface of resistance to the water; that is, the former would act as the 
handle of the oar, the latter as the blade. 

Thus, if we have understood Btorou correctly, the first two main points that he adduces 
in support of his views we consider based on incorrect observations. The third point, we 
think, results from a faulty comparison. He states that the swimming limbs of Crustacea 
are always powerful, many -jointed .S 'h'lefte.HrcmiftVcn. He quotes as examples (p. 156) the 
second antenna- of t la* Cladocera, t he second antenna* of the Ostraeoda, and the thoracic legs 
of the Copepoda. Now, the lirst of these are biramous limbs provided with many laterally 
projecting feathered seta*, so that the whole limb possesses a very large surface of resistance 
when spread out like a fan during Hie swimming stroke. The anteume of the Ostraeoda, 
when liny are actually swimming and not creeping organs, are provided with a tuft of long 
seta- which again offer a large surface of resistance to the water. The thoracic legs of the 
Copepoda are also provided with margins of fringed setae; and in any case, if these do show 
relationship to any one known Crustacean limb more than to another, it is to the foliaeeous 
type rather than to the pediform type, as the discovery of Eepidocaris has demonstrated. 
Thus, these three examples that Stokch has quoted do not appear to us to show any special 
resemblance to the pediform branch of the Trilobite limb. They are simply markedly jointed 
as opposed to the foliaeeous type, and there the resemblance ends. However, Htouoh states 
further that among the Malacoslraea there are many swimming limbs similar to the pediform 
branch of the Trilobite limb. But are there? We do not know of any unfringed pediform 
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naupiius. The upper arrow indicates its direction foliaceous and the endopodites were obviously adapted 
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the sms of the body by the large projecting iahrum, But, in addition, Marella possessed a large ventro- 
feUfSSiTia posteriorly projecting labrum. 

The existence of the large labrum, not only in 
irelia hut in practically all nauplii (text-fig. 14) and in many modern Phyllopoda, is very 
;nifu*ant. We suggest that in the primitive articulate ancestor from which both the 
ilobiti! and Crustacea arose, it was through the “passive” activity of the labrum sucking 
;>d into the month region that the animals fed. By crawling over the bottom by the 


limb among the Malaeostraca that is used for swimming, but, on the contrary, we can name 
many examples of pediform limbs that we know actually to be used for walking, and these 
bear a strong resemblance to the pediform branch of the Trilobite limb, as an example at 
random, the posterior thoracic limbs of most Decapoda. To assume that a simple pediform 
limb was used for swimming appears to us contrary, not only to the observed facts of compara- 
tive eareinology, but also to the general principles upon which the swimming power of 
aquatic organisms is based. If a limb is to be used for swimming it must somehow, by 
branching or feathering or otherwise, offer a comparatively large surface of resistance to the 
water, and this applies especially to the limbs of such massive forms as the Trilobites. 

We consider, then, that Storch has not put forward any case that will stand criticism in 
support of the idea that the pediform branch of the Trilobite limb was natatory in function, 
and we accept the general view that it was the ambulatory branch of the limb. Assuming 
this, there appears to us no reason for the reversal of the homologies of the branches of the 
limb. The Trilobites, according to our views, arose, just as did the Branchiopoda, from a 
primitive form in which the limbs were all similar and biramous. But whereas in the ancestors 
of the Crustacea they were primitively arranged in a parallel series, in those of the Trilobita 
they projected laterally from the sides of the body. 

The primitive Trilobites (Dollo, 1909) most probably led a life similar to that of Limulus ; 
that is, they were crawling littoral forms, and it is reasonable to suppose that their ancestors 
were also bottom-living forms. We consider it is possible that the food-collecting mechanism 
arose automatically with the foliaceous appendages developed in correlation with swimming 
tendencies (see next section). The process of food-gathering resulted simply from the eddy 
currents that we have demonstrated must exist up the faces of any flat oscillating limbs. 

These would lead a food stream up to the bases of the 
limbs ; but, since the limbs were not close together, 
their motion would not cause a current in the ventral 
food groove, and so there must have been some other 
mechanism for drawing the currents from the bases of 
the limbs to the mouth. This was provided by a 
large labrum. Such a large ventrally projecting 
labrum, we have already explained, would suck in 
water to the mouth region ; and hence the food currents 
reaching the base of the limbs, and more especially 
those associated with the anterior limbs, would be 
sucked forwards to the mouth. Now, such a form as 
this is not hypothetical. It is to be found in Marella. 
In this form the axes of the limbs projected laterally 
Esthecid from the sides of the body. The exopodites were 
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inner branches or merely the inner portions of its appendages, it would disturb the bottom 
detritus, and this would then be automatically sucked into the mouth region. The 
development of the outer portions of the appendages as swimming organs to assist 
progression would lead to such a form as Marella with a secondary food-gat boring mechanism. 

The Trilobites, according to our views, evolved from forms- which possessed a feeding 
mechanism similar to that of Marella. The advance shown in the Trilobite constitution is in 
the possession, firstly, of the well-developed pleural shield closely covering the exopodites, and, 
secondly, of gnat-hobases on the l rank limbs. The latter clearly developed as a mechanism 
for assisting the food forwards from the base of the limbs to the mouth. The pleural shield, 
we believe, developed as a si niei ure which would increase the efficiency of the exopod it, es as food 
gatherers. As we explained above (p. *248), the presence of a flat plate near to a vibrating limb 
would suck towards the base of the limb the backwash around the sides of that limb nearest 


to the plate. Tims the backward motion of the 
exopodites close underneath the pleural shields would 
cause a backwash passing obliquely across the limbs 
between them and the pleural shield, and this is, of 
course, a current in an oral direction (text-tig. 15). 

It is possible that in Lepidoearis the peculiar 
scale-like plates that “ protect ” the bases of- the trunk 
limbs also represent structures analogous to the pleura 
of tin 1 Trilobites, and developed in correlation with 
the same needs. 

We have summarised our views as to the evolution 
of the various types of “ filter-feeding mechanism” in 
text-fig. 16. We have started from, a primitive articu- 
late form that possessed simple bifamous appendages, 
projecting, as in most annelids, in a ventro-Iateral 
direction. From this point there are two main lines 
of evolution: on the one hand, in any segment the 
limbs project ventral ly and parallel to each other, and 
tin’s leads to the modern Brunchiopod type; while, on 



the other hand, the limbs project laterally, and this , TuxT-wa. i.j. 
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lleminiysis, we feel that we eannot make any eritieal the curnmts eaused by the \nwk stroke* of u 
suggestion, for the simple reason that the ‘common Th,.p.«iu.*.,f u»ubnb» in 

° . 1 , by the (;i»ritmuouM straight iim-n. Thu short* 

ancestor of the various Malaeontraean orders was itself lines toward* the middle reprint the gn&th 

a very highly specialised Crustacean, and wo have of th “ fiKUr, ’, tlu ' a< ’“ ( ‘ ,1 i ini 

very little e\ idence to indicate now it was evolved *>f the exopnaitc*. on the right are indieau 

from the more primitive forms. However, Calm an, in tll ° «inm*nt» pr.«tura,<i between ti 

. . , ■ I •< exoiiuditi-., awl the pleura. 

lus list ol earmoid hides, includes as the primitive 

trunk limb a limb which does not differ materially from that of Hemimyais, and it is reasoi 
able to suppose that in this ancestral form it was used in the same way ns in Hemirnysi 
The ancestral Malaeoatraean would thus be a form in which the limbs immediately behind U 
mouth were highly specialised for feeding, while the trunk limbs were primarily both swin 
ming and crawling organs with a secondary function of collecting food. Lepidoearis and tl 


the currents caused by the bark stroke of ti 
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by the .continuous straight lines. The short 
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bases, On the left of the figure tin* dotted lin 
represent the eddy currents up the anterior far 
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Branchiopoda on the one hand, and Marella and the Trilobita on the other, evolved in correla- 
tion with the same habits, namely, the tendency of the bottom-living, articulate, adult ancestor 
to swimming activities, a tendency which would lead it to new environment and new food. 
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it was the exopodite that became the main swimming organ. In the Malaeostraca, however, 
a foliaceous exopodite was not evolved, but, instead, a multiarticulate brush-like structure. 
Such a structure would not, by simple oar-like action, produce the food-collecting eddy currents 
that we have demonstrated must exist with a foliaceous limb ; but a change from a simple 
backwards and forwards par motion to a rotatory motion such as occurs in Hemimysis, would 
lead to the production of the food-collecting swirls without at the same time impairing the 
efficiency of the limb as an oar. 

Summary. 

1. Hemimyms lamornce exhibits two distinct types of feeding, the one on large food masses 
and the other on minute suspended particles filtered from a water current. 

2. In the filter-feeding mechanism the maxilla acts both as a suction-pump and as a true 
filter. By its vibration it sucks forward a food-hearing stream of water from the ventral 
food groove. This suction is aided by an exhalent respiratory current produced by the 
epipodite of the first, trunk limb. The comb of seta* on the proximal endite of the maxilla 
forms the filtering plate. The exit for the filtered food stream lies between the maxillary 
exile, the maxillule, and the body wall. The food collected in the food groove and on the 
tillering cumb> is pushed on to (he mouth between the base;- of the paraguaths by the long 
set® on the proximal endites of the maxil biles, one long seta on the proximal endite of the 
maxilla 1 , and the comb of seta* on the proximal endites of the first trunk limbs. It is pushed 
directly on to the spine-rows of the mandibles. 

8. The food stream along the ventral food groove is produced by the swimming activities 
of the exopodites of the thoracic limbs. Each exopodite rotates so that its tip describes an 
ellipse. Its set* are so placed that when it is passing backwards they become spread out, 
while on passing forward I lu y collapse ; the exopodites thus propel 1 lie animal forwards on their 
backward strokes. By (his rotatory action a food-bearing stream is sucked down each cone 
of rot, al km and passes in between the bases of the trunk limbs to the ventral food groove. 

4. Large food masses are held by the thoracic endopoditos and mandibular palps, the 
latter being used chiefly to adjust the food mass over the mouth-parts. The food mass is 
bitten into by the incisor processes of the mandibles, aided by the distal endites of the maxi.1- 
lules. The mandibles are asymmetrically arranged so that the food bitten off by the incisor 
processes is automatically passed on to the lacinim mobiles and then to the molar processes, 

5. We have criticised Storou’s description of the feeding process of Daplmia and Ins 
view-, on die evolution of the feeding mechanism of the Crustacea and Trilobites. 

fi. W hile Scorch considers the primitive Crustacean feeding limb to have been a phvl- 
iopodium similar to that of the modern Anostruea, and functioning essentially as a filtering 
mechanism, we suggest that the primitive limit was a simple hirauious paddle such as occurs 
iu the po.-teriur trunk segments of Lepidocaris. These limbs functioned primarily as swimming 
organs, and in their effective back stroke produced backwashes towards the bases of the 
limbs and towards I be mouth w hick ron-t it tiled the main food stream. 

7. From primit ive articulates possessing biramous limbs wo consider that , on the one hand, 

the Branchiopoda and other Crustacea evolved from forms in which the limbs projected 
ventrally from the body in two parallel series, while, on the other, Morelia and the Trilobites 
arose from forms in which the limbs projected hitt-raily. : 

8. Among the Crustacea, the emlopodite became a foliaceous swimming organ in the 
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part of the limb, but in this case it became “whip-like” and not foliaceous. In both cases 
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the swimming 

became the swimming branch of the limb. 

In Marella these exopodites, together with a very large labrum, formed the feeding mechanism. 
In the Mobiles we consider that the pleural shield developed to enhance the food-collecting 

aCti 1oX?s h uVg«Hon™s toTetoctionmg of the Trilobite limbs are based on the usually 
accepted homologies of the two branches of the limbs, and do not involve the reversal of 
the endopodite and exopodite, as suggested by Storch. 
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Plate 11. 
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Fig. 26. Enlarged p^. Flatk UL 
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XT. — The Pish- Fauna of the Cementstones of Foulden, Berwickshire. By Errol Ivor 
White, of- the British Museum (Nat. Hist.). Communicated by Professor \V. T. Gordon, 

D.Se. (With Forty-six Text-ligures.)* 

(MS. received December I, 1926. . Bead .January 10, 1927. Issued separately May 20, 3927.) 

So barren of fossil remains is the Cement-stone Group of the Scottish Lower Carboniferous 
Rocks that any addition to our knowledge of the fauna and llora of (he period is especially 
welcome. The list of vertebrate remains is notably meagre, and such as have been found, e.g. 
at Ybden, are generally very fragmentary. 

The collection to be described below contained nearly 150 specimens, and includes Plants, 
Lamellibranehs, Annelids, Arthropods, and Fishes: of these the Plants and Fishes are by iar 
the most important, and constitute more than two-thirds of the total number of specimens. 

AH the specimens were obtained from sections exposed in the Crooked Burn, oO yards 
below Newton Farm in the parish of Foulden, 5 miles west oi Berwick-on- 1 weed. 

The beds in which the remains were found belong t o an horizon quite near the base of 1 lie 
Cementstones, and consequently the fauna is one of the earliest known from Lower Carboni- 
ferous Rocks. 

The lithology of the beds is somewhat inconstant, in a manner typical of these shallow- 
water deposits: all art' argillaceous and highly charged with lime. The rock in the majority 
of cases is a fine-grained, somewhat sandy shale, and contains a fair sprinkling of mica. In a 
few instances the sandy element is coarse and predominates, while in others it is wanting, and 
the rock is a very fine-grained, horny, mudstone with conchoids i fracture. The series is, 
therefore, typically- estuarine in character. 

The area has been neglected geologically since 1 8(54, when it was surveyed by Archibald 
Geikie (Geikie, 1864). At that time, no specifically identifiable fish-remains were found 
except rhizodont scales: indeed, to judge from Salter s list, few of the organic contents of 
these strata seiun to have been sufficiently well-preserved for complete identification (Saltish, 

1 St» f). The fossils now to he described vary much itt their state of preservation. The lamelli- 
hraiiclis have suffered most and are scarcely recognizable, being for the most part in the form 
of distorted casts; the arthropods also are rather broken, and in the case of those preserved 
in the more sandy layers the delicate remains have tended to flake off. The plants have suf- 
fered in the usual maimer <»1 drifted material, hut the heavily armoured fishes are mostly 
iu a hue condition. All are compressed and flattened, usually laterally, ami in most only 
the external feat tires are available for study : nevertheless a few of t he fishes do show something 
of their internal anatomy. 

These fishes are interesting in that the small and more complete forms are new, and it 
has been necessary to erect four new genera for their reception: hut the larger forms, repre- 
sented by teeth, scales, atpl other isolated fragments, belong to predatory fishes of well-known 
and widely distributed specie*. 

This tine collection owes its existence to the zeal of the late Thomas Middlemiss Ovens, 
an enthusiastic young local geologist, and the state of the specimens is a tribute to his careful 
and skilled collecting. It is greatly to be deplored that Mr Ovens’ activities have been cut 
short by his unt imely death at the age of nineteen. 

♦ PubUtthaid by pwriiilaift of tto of th* British Mu«emn* 

TUANS. ROY. S0t\ EDIK., VOL IA\ PART L (NO. il>. 
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have generously presented their son’s collection 
lumens described here are now preserved.. The 
in t to the late Dr Kidston during the lifetime of 
Jreet Museum. They are partly described in the 
tain (Palaeontology, vol. ii, 1923-26), and a note on 
amended : for this I am indebted to my colleague 


Mr and Mrs John Ovens, of T< 
to the British Museum, where all 1 
majority of the plants, however, had 
the collector, and are now in the Jei 
Memoirs of the Geological Survey of Gi 
the specimens in the British Museum 

Ml thanks are due to Sir A. ^^°7™^iSted to Profit Gordon 

Professor W T Gordon for much help and advice. 1 am luiuiei mueu ... . . 

for acting as sponsor to tills paper, and I svonld also like to express my sense ot gra .jmd , 

Dr T M Finlay for the trouble taken in preparing slides and an abstract which he o 

lnunicated to the Society, and to Miss B. A. Moktlbman for her careful preparation ot the 

manuscript. Bub-class “SELACHIL” 

Order ACANTHODII. 

Family Acanthodidje. 

Genus acantiiodes, Agassiz. 

Acantiiodes ovensi, sp. nov. 

(Text-figs. 1-3.) 

Specific Characters.— A small Acantiiodes attaining a length of 9-10 cm. (proportions 
doubtful) : caudal pedicle very stout, its depth at hinder end exceeding one- la is anc 
from anal fin-spine to commencement of lower caudal lobe. Fm-spines gently arcua e win 
a single groove running near to, and parallel with, the anterior bor er. ec oia n P 

relatively short and broad; other spines more slender. Ventral spine rather longer than lw 
the pectoral and situated nearer to it than to the anal, the d^tarices being approximate }^ 
as 2: 3. Dorsal and anal spines about equal in length and (apparently) but little shorter than 
the pectoral; dorsal fin-spine inserted opposite, or slightly anterior to, the anal, bcaies 

smooth or with slight median pit. 

Holotype. — Imperfect fish, Brit. Mus., P. 13137. 

Paratypes. — Six specimens, Brit. Mus., P. 13136, P. 13138-P. 13142. 

Description of Specimens— The seven specimens by which this species is known are a 

imperfect and only one, the holotype (text- 
/ \ fig. 1), is fully grown. , . , . 

/£r ; t: \j rv The holotype is almost complete but 

/D, M i'?' ^ V telescoped in the region of the head and 

f F — ^ shoulders, and the tip of the tail is missing, 

x Of the others, P. 13138 is fairly complete, 

, , . . ■ wi f, nf . re i i ‘i -7 y 1 1 but the outlines of the anterior part are 

, **** ' indistinct; P. 13136 is an imperfect anterior 

portion* P. 18140 is crushed dorso-ventrally and lacks the fail ; the remainder are 
. - UK* nosterior nortions of small fishes of which P. 13139 and P. 18141 are moderately 


nfortunalely no specimen shows a 
y. The holotype itself (text-fig. 1 


ity crushing, and the three other specinn 






THE FISH-FAUNA OF THE CEMENTSTONES OF FOULDEN, BERWICKSHIRE. ‘-57 

set only. The inconstancy of the 
hey were round-boclied. 

2, P. 13141) and the fish does not 
as the majority of the species of 


dorso-ventrally flattened in front and show th 
position in which these fishes are preserved m 
The caudal pedicle is notably short and si 
appear to have been so slender in its genera 
Acanihodes. 

The holotype must have been between 9 
exception of the crushed specimen, P. 13140, 
indeed, P. 13139 (text-fig. 2), and P. 13141 

length. . 

Myotomy. — I p most of the specimens th 

up of the skin. It is best seen in P. 13139 (tei 
in the posterior half, and in P. 13138 about 4 
Skull.— In the holotype the skull is eras! 
Visceral Skeleton. — Besides the scarcely 
the skull in the holotype, the only remaining 


Text-fig. 3 .— Ac 
des ovensi , n* sp. 
toral tin-spine. 
13140. X3.j 


Text-fig 2 —Acanthodes ovensi, n. sp. Small individual 
‘showing Myotomy. [P.18189. X3.] 


branchial arches with their long and slender suppor 

40). • 1 TV 

Skeleton of the Unpaired Inns 

and anal fins 

which is about equal to the 
to the anterior border. 

The dorsal fin-spine is 
to the anal spine. In P. 13 
position owing to the crushing o e 0 

The caudal fin is quite typical and calls for n 


alone represent tne wwieiou m 
and of approximately the same leng m, 
A longitudinal groove runs near 

if not actually anterior, 
urn reversed in relative 


- ~ 5 .— The fin-spines 

They are narrow and gently arcuate 

body depth at their insertion 

car forward in position and is opposite, 

40 these spines, although we -preseme 

special comment 
i _ j /vf fViA naetor 


%l fin-spine is preserved 
ell shaped element; no 
:y long and slender; it 
ength of the spine itself 
mger than those of the 
j spine preserved, and in 
©r 10*0 mm. long, 
mt in the specimen quoted 
mgth of the pectoral spine . 
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ill spines He nearer to the tot -named then to the anal fin; the distances be.ng ronghly 

in the proportion of 2 : 8 (P - 13138) ' d ^ t , M game mtmn6 r as those of the median fins. 

The pau-ed famines . ^ fche usual quadrate scales, which are smooth, 

Squamation. The bo } . and gm00 th inner lace. Those along the belly, 

or have a faint median pi an ‘ muc p smaller than the flank-scales; and of 

especiafly m the i region o re c . , c J variation in size is not peculiar to the species, 

(P. 11292) and X Ironni (No. 38060) as described by 

AG4 The S'a/lal, are much smaller on the caudal lobes, and the rows bifurcate in the 

"“tS'Sne ^^‘iTonspLuousIn R S-9 tnd to a bruited extent in the holotype, 

bUt I" iS feEHf 'this specres are the short, stout caudal pedrcle 

d the anterior position of the dorsal fin. These are sufficient to sepaiate it fiom the more 
perfectly known of the Lower Carboniferous forms (Woodward, 1891., A nitidus and - 
itl and it differs from A. striatus in the smoothness of the scales (Wedlburn, 1901) 

It is fairly typical of the Lower Carboniferous species m respect of the relative shape, and 
portion of its paired fins (Woodward, 1891, p. 5), but the vontrals are rather more anteriorly 
placed than usual. Only one other species of AcaMes has the dorsal spine so far forward, 
and this, A. panulus from the Permian of Siberia, is imperfectly described, hut the unpaired 
fin-spines are apparently shorter (Rohon, 1889, p. 7). 

Family Gyracanthid.®. 

Genus gyracanthus Agassiz. 

Gyracanthus sp. indet. 

There are two fragments (P. 13122-3) referable to this genus in the collection, but neither 

is specifically determinable. . „ TTTT 

1 Order EUSELACHII. 

Family Petalodontidje. 

Genus callorristodus, Traquair. 

Gallopristodus pectinatus (Agassiz) . 

P. 13125, the only specimen of this species from Foulden, is the impression of a typical 

fc °° th ‘ , Sub-class TELEOSTOMI. , 

, , . ' , Order CROSSOPTERYGII. 

Family Rhizodontidje. . . ■ 

W/Ap;. A:,; : Genus rhizodus, Owen. 

Rhizodus hibberti (Agassiz and Hibbert). ,, : : ' : ' . ; 

Scales of Rhimdus are not uncommon, P. 13129-13134 being typical examples. They 
are thinner than those of R. ornatus Traq., and show' the fine granulations on the expose area 
seen in the larger species. All except P. 13138a are quite small, but there is a large fragment 

moanmim 1-5 cm. across, which shows the inner boss. SWA W'-V- ; A ' ; (A • 




P 18135 comprises me greater part ui an upeiouium Bii+uim ^ ~ „ 

. the British Museum, e.g. P. 3322a, hut differing considerably from a specimen, 21J7o >, 
hich is referred to the genotype by Smith Woodward (1891, p. 344). It is perfectly smooth. 
Some fragmentary fin-rays may also belong to a fish of this genus. 

Genus strepsodus, Young. 

Strepsodus cf. sulcidens (Hancock and Atthey) . 

Two teeth P 18127-8. are very similar to those of the well-known Coal Measure species. 
Phe to example has been cleaned of matrix, but the second lies m a piece of rock typ.cal o 
he 6 sandier facies of the fish-bearing beds. The roundness of the cross-section of these eert 
J J L the possibility of their reference to BUzodus, while the upward extension ol the basal 

Le; and on that account, coupled with their geological horizon, then systematic position 
must be regarded as somewhat uncertain. 

Strepsodus striaiulus Traquair. 

There is one imperfect but typical tooth in the collection (P. 13124). 

Strepsodus sp. indet. 

A much broken and worn scale (P. 13126) shows the characteristic longitudinal furrows 
of the exposed surface. It is not specifically identifiable. 

Order ACTINOPTERYGIL 

Fa mil y Paubonisoid*. 

Genus fouldenia, nov. 

Trunk elongately fusiform. Suspensorium <Spe: 

equalled or exceeded in size by suboperculum a . ■ - 1 • J f maxi n rt triangular 

than long and bent at right-angles to tumid. Bones of hea, 

Jaws stout and obliquely placed; some ee i ^ tuberculations ; mandible and on 

and opercular apparatus ornamented w ■ g , irresular in the lower jaw. Finn we 

margin of maxilla smooth with longitudinal gr ■ ■ g f tius numeroui 

developed with large anterior fulcra rays Bt. ot 1)aire d fins unknown 

articulated throughout, and totally MW*™* £•*•*> VTJL ^ ^ ^ „„ 
Dorsal fin with extended base and oiigir 11 • mBs imum depth far buck, Urn anion, 

fin also long-based and both fins tnangu al 1 _ , , aml attenuated, the fm only alight 

rays being graduated. Caudal bo y ^iAVickness.' covered with gauoim'. Much enlargi 
forked, inequilobate. Scales ot mot "j , dorsal ami mire i Ho» backwari 

median ridge-scales run trom occipuUo dmsa ■ 
those behind dorsal and anal fins being very long and aim - 

This genus contains only one known h P ccl 

8 _ • rr . * m unv. 


,ct fish, Brit. Mus., P. 13178, 

, an ancient British tribe inhabiting this 





■Fouldenia otiadinica , gen. et sp. nov. 

[P. 13180. xaw 

s . jgf. cL = Supracleithrum. “ £■” = 
is in text-fig. 4. 


Head of Fouldenia ottadinica, gen. et sp. nov. The 
wards and forwards. [P. 13179. x4.] 

's. Fr. == Frontal (?r. = Grooves on mand- 
/. temp. “Intertemporal. Md. 
^Maxillary expansion. Mx. m, — Oral 
— Operculum. Par. —Parietal. P. op. 
Post -temporal, $. temp. = Supra- 
Suboperculum. Tab . —Tabular. 


Text- fig. 4. 
jaws are displaced dow 

''Ur-; — Branchiostogai ray 

ible and maxillary border. 

--Mandible. Jfa?. e#.= 
margin of maxilla. Op. 

—Preoperculum. P. temp. 
temporal, S. op. 

with opercular apparatus is approximately one-quarter (P. 13182-3). 
placed far forward and low down. 

Specimen P. 18182 (with counterpart P. 13183) measures 7-5 cm 


ral hones are revealed in a 
. 4), P. 13180 (text-fig. 5), 

: . r> ■ rr 
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[ (text-fig. 6). Its limits are uncertain and it probably represents more 
L ent. The bones of the snout are represented by the deeply grooved bi 
seen in text-fig. 5. The presence of a tabular row is proved by an impressr 

t in P. 13179 (text-fig. 4). , 

ceral Skeleton.)— These bones are known for the most part by external n 
'he suspensorium, though nowhere visible, must have been oblique, to j 
osition of the opercular series, but the gape seems to have been limited, 
mouth was rather small, for the jaw-bones are shorter than is usually the cas 
V placed, reminding one of the jaws of another Lower Carboniferous genus 
i maxilla has the form common to all palasoniscids, a narrow suborbital bar ; 
r expansion; but the latter is remarkable in that it is shaped like an isosce 
Q q-nfiY rounded off. The mandible is short and stout with a straight up 


£ Mxm 

ottadinica, gen. et sp. nov. Partial 
The intertemporal, rostral, and 
of bones are omitted. Lettering 


Text-fig. 7 .—FouUema 
restoration of head, 
circum- orbital series 
as before. 


\ca, gen. et sp. nov. Skull-roof 
[Holotype, P. 1317S. X4.J 

ag as in text-figs. 4 and 5. 

a unusual manner . It is bent about its middle and expanded anteriorly 
L buTl “pper limb is deeper than long and bent at nght-angta to 

the° displacement of the jaw-bones forwards and 
d from the maxi J l ith the u pp er and hinder margins 

d he suboperculum is rather larger than 

d ' w annare in shape The dorsal and anterior margins are concave, 
>ughly square P • . d ed- The branchiostegal rays are 

- d l0W . OT IK succeeding the subopercnlnm, oh 


y m dire 
roughly 
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w&mm 
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lum they are irregularly radiating in the centre, but parallel to the periphery 
But the most striking feature of the ornament is that on the oral margin 
id the lower jaw. These areas are quite smooth, but are deeply incised by 
ease of the maxillary margin there is a single longitudinal groove bifurcated 
nd, but on the mandible the grooves are irregular and inconstant in form and 
os 4, 5, 6). A similar ornament is present on part, at least, of the rostral 

Teeth are for the most part missing; in one specimen only, P. 13183, are 
ise. a series of six lying above the hinder end of the mandible, are small and 

peg- like. The crown is slightly expanded towards 
the top which is flattened. From their position 
and orientation they appear to belong to an inner 
row of the lower jaw (text-fig. 9). 

Unpaired Fins.— The dorsal fin is well de- 
veloped and the base long. The origin is far 
forward, opposite, if not anterior to, the inser- 
tion of the ventral fins (P. 13180), and the fin 
point opposite the middle of the 
In P. 13183, a speei- 

length, the base of the dorsal fin is 1-5 cm. long, or about equal to the distance 
to the opercular opening, and equal to the maximum depth of the body. The 

- - ..... ■’ 7 s increase gradu- 

l somewhat behind the middle of the fin, and the 
excavated. The fin is therefore triangular, but the front slopes 
iscids, and rather resembles in this respect that of Holurus, but 
‘ L g little shorter than the length of the base (Traquair, 1912, 
.oderately broad and articulated throughout, while those that 
distally dichotomized. Large fulcra, described below, are present 


Text-fig. S.—FnuMenia ottadinica, gen. et sp. nov. Almost 

complete tail, only the tip of the upper lobe being lost. ex tends to a 

[p. 1318 m a-.j somewhat smaller anal fin 

men 7*5 cm. in length, the base of the dorsal fin is 1 o cm 
from its origin t . A 

number of rays exceeds thirty, but cannot be determined with accuracy ; the ray 
ally in length from the front to a maximum 
posterior border is somewhat exci 
more than is usual in palseoniscic 
it is taller, the longest ray being 
p. 169). The fin-rays are m< 
form the posterior edge are 


Text- fig, 


Text- fig. 11. — Faired 
fulcra! rays of lower 
caudal lobe. [P. 
13182-3. X5.] 


Text-fig* 10.— Fulcral 
rays of lower caudal 
lobe. m 18183. 


Text-fig. 9. — Posterior 
lower teeth. [P. 
13183. X9/J 


The anal fin is similar to the dorsal, but has a somewhat smaller 
a-rays is accordingly less. The caudal fin is almost complete in 
s body-prolongation is long and attenuated, but the only sign of 
which is deep, is a gentle excavation of the hinder margin. The 
)be are* more steeply graduated than in the other median fins, but 
are identical. 

V * t i .. v * . i 4Urt ■Ana A/P 'f.Vncl 


the anterior mar| 
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have retained their connection with the base. Anteriorly, where they are stouit 
certainly paired; these large Moral rays are commonly found detached when the 1 
disturbed in fossilization, and render the identification of this form easy. They gra 
perceptibly into the median ridge-scales: it is quite impossible to decide where t 
, and the other commences (text-fig. 11). 

, ed Fi ns .— The shape of the pectoral fin is not known, for only the basal portu 
; s impressions (P. 13178, P. 13182-3), and a few scattered rays (P. 13180) are preserv. 


versed rows of small, diamonct-snapeu scams uu ° . 

vertical rows of body-scales as far as the origin of the lower caudal lobe is app 
and the 9th row from the operculum contains twenty- 

six or twenty-seven scales (P. 13180). 

The flank-scales, of which the largest are some- -S ^ 
what taller than broad, are moderately thick and ^ 

bear a conspicuous vertical rib on the inner surface, <A= 

but a peg-and-socket articulation seems to be absent. ^ ^ 

Tbe area of overlap amounted to one-quarter ox tne nov . („-«), flank scales 

. of body prolongation (J 

total breadth m some cases. tenor ventral scales. [«- 

There is a series of large Y-shaped ridge-scales .^ fP . 13180 . xx.j 
extending from the occiput to the dorsal fin and 
from behind the latter backwards along the upper margin 0 e 
runs from behind the anal fin to the lower caudal lobe, 
quite normally ; the most anterior are oval, and these b^me more 
the rear until they grade into the fulcral rays of the fins (tex , g. 

The ornament on the body-scales is very distinctive. - — 
roughly horizontal rug®, which tend to converge 
The uppermost ruga is generally turned down somewhat 
shallower forms, where there are fewer rug®, this u] 
lowest member, which is somewhat turned up. 

Posteriorly the ridges are much reduced m number, and the scales on 
divided bv a median groove, while those on the body prolongation 
median ph only Mgeiales are decorated with a few coarse 

1 medl Lateral°Line. — A few scales of tho lateral line « p—y 

show that the lateral line opened on to the surface by p 

Remarks. — This little fish shows a number of ; 

to be confused with any other form. The laige.su p „ 

expansion are also found in Canobius ( C. ramsayi 
. obliquity of the preoperculum and the ornament of the 
a different. The shape of the median fins is to some 
peculiarities are not so exaggerated. To no other 
T-RATIS ROT. SOC. EDIK, VOL. LV, PART I (NO. )■ 


These ridge-scales vary m shape 
and more elongated towards 

jfi! 11, 12). 

It consists chiefly of a few coarse, 
at the middle point of the. hinder border. 

• ■ ‘ 1 the deepest scales, but in the 
ppermost ridge bends down to meet the 
and so forms the hinder margin (text-fig. 13). 

the tail have only two, 
are ornamented with a 
, horizontal ridges. 

P. 13178, P. 18180. They 
notch. 

y • s which make it unlikely 
~ ’ t and the triangular maxillary 

TbIquaib, 1912, p. 172), but the form and 
^ maxilla and mandible are utterly 
extent reminiscent o! Holurus, but the 
lahuoniscid does it hear any particulai 
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likeness, and the condition of the fulcral rays, which for reasons discussed later may be con- 
sidered primitive, tends further to isolate this form. 

Genus carboveles,* nov. 

Trunk tapering from pectoral girdle, rather stout; head large with blunt snout. Mandi- 
bular suspensorium oblique, gape wide; mandible very stout; teeth of upper jaw small and 
sharply conical, flanked by an outer row of minute denticles; lower teeth similar with smaller 
row on inside. Pins with numerous delicate rays, articulated throughout; fulcra unknown. 
Dorsal and anal fins long-based and placed far back, the former arising a little in front of latter, 
which is almost continuous with lower caudal lobe. Anterior rays of anal (and dorsal) short, 
increasing to a maximum length behind. Caudal body prolongation slender, lobes well 
developed. Trunk covered with small, thin, rounded scales rarely preserved; normal 
squamation only on most posterior part of caudal body prolongation. 


Carboveles ovensi, sp. nov. 

(Text-figs. 14-17.) 

Holotype . — Imperfect fish, Brit. Mus., P. 13120. 

Paratypes.—Two specimens, Brit. Mus., P. 13121 and P. 13184. 

Description of Specimens . — The holotype shows the head excellently in impression, the 
form of the body and portions of all the fins except the caudal, of which only the most anterior 


S.cl. Op. 


d.f 


K , f 




/f.E 


Text-fig. M.-^-Carboveles oven$i> gen. et sp. nov. Holotype. [P.13120. X2.] 

CL =Cleithrum. P.jf., D.F., V.F., AsF. “Pectoral, dorsal, ventral, and anal fins. L.G.F. —Anterior scales of lower caudal lobe. 

Other lettering as before. 

of the lower ridge-scales are left. The pectoral fins are imperfect distally, and only a few rays 
of the. ventral and the proximal portions of the dorsal and anal fins are present. P. 13121 is 
a paudal region which shows almost the whole of the median fins ; only the tip of the upper 
caudal lobe is missing. P. 13184 is an imperfect head in which part of the crushed palate 

• is exposed from the aboral aspect. 

;• Size. — The head is very large in comparison with the body and has a blunt 

• * Lat. Carbon coal ; Vdets^z, light-armed warrior. 
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almost straight, and that of the lower surface is hut slightly 
is therefore almost wedge-shaped. The caudal 

and rather long. 

the holotype, measures 7*5 cm. from snout to lower caudal lobe, 

depth of 2*8 cm. . 

The base of the cranium is protected by a broad parasphenoid, mipei- 
: (text-fig. 15). The aboral surface is completely convex, but, except 
Sion and the centre of ossification at the base of the ascending pro- 
the associated palatopterygoid is too much crushed t o 
5 are observable in the type-head in impression and m 
of the left side of the head and the actual bones of the 
is somewhat irregular in shape. The hinder and 
;ular and longer than the other three, as the 
the median line, and the anterior margin is correspondingly 
1 are some- 
13120 (text-fig. 14), the hinder 

angles to its natural posi- C 
is not unlike the smaller p 00 , — w \~ Fr ' 

• side of the anterior margin Mxex 
similar manner, but the innei 
and the outer seems less 

minded bv the usual series of Md 

ounclea oy Tbxt . TO . U.-Carboveks ovens, m- et »p. no 

information as Imperfect head, partly in impression. 

PL = Palatopterygoid. -Ps. = Parasphenoid. 
Other lettering as before. [P. 13184. xL,] 

lg the outer border, and run regular 
the other skull-bones are quite lrregule 
and are much broken up especially < 


snout. The contour of the back is 
curved until the anal fin is reached; the body 
body prolongation is narrow 
The largest specimen 
and has a maximum < 

Skull— (Cranium), 
fectly shown in P. 131 
for the pituitary depr 
cesses, no features are 
show any details. T! 

P. 13184, which shows the impression 
right side (text-fig. 15). The parietal 
outer margins are straight, but the inner is irreg 

bone is produced forwards along 1* 

sigmoidal. This bone and the supratemporal 
what out of place in P. : 
margin being almost at right 
tion. The supratemporal 
parietal in shape. The inner 
is produced forwards in a 
suture is more regularly convex 
regular although it is not cleaily shown, 
intertemporals, and tabul® are 
tirely, and the details of the bones on 
The large orbit is surrc 1 ’T 
circum-orbitals, but here again precise 

to shape is wanting. . , . f 

The ornament of the stall-roof consists chiefly of 

rugs in varying degrees of interruption. Those . on th 
supratemporal are for the most part whole except a g 
parallel to the parieto-frontal margin. ^ g . 
with an occasional tendency to form paia 

the snout, which is largely tuberculate . palate is too iragmtun,tuj ^ ■ ■ 

(Visceral Bkeleton.)-As mentioned above palate^ * ^ ^ yery obUq y 

The suspensorium, seen m impression on . 1^ been cons id e rable. The maxilla 

placed and the mouth very long, so that th g P . angi0p> of w hich the upper margin is 
has the normal shape with a very arge i the oral border is turned downwards con- 

indented and the hinder elopes to £e ^^Sg, tat th , dentary is seen to he deep 
spicuously m the posterior halt. P 

■ “ 4 IThe 'preoperculum is narrow in both the ^onUl -cl vertical m .1^ 

is particularly long. Above it lies the ™ lTpo.tro-inf.rior 1 angles, while the 

and oblique in position. It has acute an ^ lum ia absent in both specimens but 
upper supplementary angle is roan ■ . . preserved in the type, , lei 
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expansion except along the oral border, which is strongly 
the upper and hinder margins. In the holotype (text-fig. 
m oblique cut which continues on to the preoperculum, 
which must have been inflicted on the fish when quite 
' , but have been adapted by curving round parallel 
holly tuberculated and a similar ornament covers all 
The sculpture of the opercular bones and “X” 
>e is far more broken up than that in P. 18184 
•allel with the periphery, and the branchiostegal 

P. 13184 alone, and there only 

ro Is composed of relatively small, narrow, sharply pointed 
of minute denticles which seem to grade into the tubercular 

- ’ ' ’ s, in addition, a series of numerous similar 

but smaller teeth. 

5 ^ Axial Skeleton. — Impressions of the neural 

I and haemal bones are preserved in both P. 18120 
x and P. 13121, but they are only doubtfully repre- 

i sented in the abdominal region (text-fig. 14). 


are uninterrupted on the n: 
tuberculated; they run par 
14) this ornament is distui 
This is doubtless the result of an injury 
young, for the ruga? are not abruptly cut, 
to the scar. The suborbital bar is w] 
but the hinder ventral area of the dentary 
is somewhat variable, for that in the holotyp 1 
(text-fig. 15). On the whole the rugae run par 

rays are similarly decorated. . 

Dentition. — The dentition is rather feeble. It is seen m 

in part. 

The principal row in both jaws is 
teeth, and outside these is a series t — 
ornament. 

Internal to the principal row of the lower jaw is 


/ Unpaired Fins.— The fin-rays are slender 

t ext-jxg. 0 e ^x 2 ] n ° V and numerous. Each is ganoine-covered and 

articulated throughout its length, but, owing 
to the imperfect state of the specimens, the dichotomy of the distal end can only be seen 
in the anal fin (P. 13121), though doubtless it was present in all fins. , . 

The dorsal and anal fins are similar m form, although the first is somewh g 

The anterior rays are more slowly graduated than in most paleeomscids, and the max _ 
height is about the middle of the fin. In these respects the fins resemble those of < 
genus Phanerosteon (Teaquaie, 1912, p. 167). In neither fin m P. 13121 is the posterior 
perfect. The number of rays is about 35 in the anal fin, but cannot be ascertain 
dorsal, as the anterior part is missing. 

The radials of the dorsal are faintly indicated in the holotype, and those of t 
both that specimen and P. 13121. There is only one series present in the anal. fan. vox 
fins are placed very far back. The dorsal is somewhat anterior to the anal, which is am 

continuous with the lower caudal lobe. . , , • i nt 

The rays of the tail are similar to those of the other fins. The proximal artieula 



■MW— t . » 1 MM I 




Paired Pins.— The pectoral girdle is ox no special mw»e». ^ *««> 
farm of an isosceles triangle, of which the acute basal angles are fount 
cleithrum is elongated and the cleithrum broad. The impression of the la 
nf the suboperculum and posterior branchiostegal rays in the holotype. _ 

- rpp e ornament of the post-temporal is irregular, like that of the panet 
cleithrum and cleithrum are covered with broken rug* which run roug 
length of the bones. 

The proximal part of the left pectoral fin is well displayed m the ho 
remarkably large number of lepidotrichia which are articulated to the j 
segment is double the length of the more distal segments, which become pi 
consequently, it is almost certain that the rays dichotomized m the d 
preserved . Nineteen rays are actually present and there are the impression 
a total of at least 42 lepidotrichia; the base is in consequence very long ai 
of the fin-rays proper there are about 8 of the usual ray-like nc ge-sca es 
w. but gradually increase in length and become more slender and ray- 


The sguamation except on the toil is omitted 


Text-wg. 17.-Restoration of 
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Text-fig. 18. — Restoration of Phanerosteon mirabile Traquair. [Modified after Traquair. About If Xnat. size.] 

are imperfectly known. It is in the squamation that the distinction is most appare: 
the very differences only serve to bring out their close relationship, for they are diff 
of degree only. In Co/rbovclcs the squamation is thin and on the point of disapj 
except along the caudal body prolongation, which is covered by the usual reversed 


[P. 11665. x2.] 


■Phamroskon mirabile Traquair. Posterior half of well-preserved fish. 

radials showing osteomes. f X.4.j 


the squamation haB completely disappeared save in those areas m wmcn n 
Jarboveles, although the extent of the small caudal scales is much greater in 
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tall conical, and clustered, variable in size; inner teeth larger, stoutly eomcal and 
well and evenly spaced. A series of at least 5 postorbitals. Operculum oblique 
deep as broad; suboperculum large and rectangular; branchiostegal rays slender a 
,s External bones of head and opercular apparatus with rugae, often mteiiupu 
omum tuberculate in front; pectoral arch longitudinally striated. Post-cleithrum 
dele large. Fins well developed with a few very long fulcra partly inters 1 ia )ew n 
inated anterior rays. Fin-rays covered with ganome, dichotomizing distallj , those 
‘tlnartStefremamdi articulated throughout. Pectoral n £ 
ud anal fins long-based, triangular; origin of dorsal somewhat anterior to that ot ana. 
4„ deep and ver° y inequ lobate, but uot strongly forked; lower lobe somewhat rounded 

ftor regular? scales ganoid, thick, with conspicuous overlap; sem* « 1 

° , j ,1 vraanival WmWs : mired posterior anal scales gi tally 


Mheretmon valentiacum,* sp. nov. 

(Text-figs. 20-38.) 

a, Brit. Mus., P. 18145 (with counterpart P. 
meeimens, seven in counterpart, Brit. M . ., 

0 distinct varieties of this fish. These wer« 
the accession of new material, intermedia e o 
differences of the extreme types, the idea ot 
favour of that of a single species, which, 

- variable in certain subsidiary teati 
• than the holotype of the variety, 
for the intermediate forms are gene: 
the largest typical specimens; it may be tlial 
(he ordinary form, but on the other ham 

otherwise entirely in the superficial orname 
.« v> Airtt.vnA ■ of the variety demonstrates ct 
hole of the material w 


Holotype . — Impertect tis. 

Paratypes. — Thirty-one 
P. 13189-F. 13190. 

Description of Varieties, 
first considered to be distinct species 
were discovered, and in spite of the i 
specific distinctiveness had to be abandoned in 
Elonichthys robisoni (Traquair, 1901, p. 62), was > y 
All the specimens of the forma typwa are smaller 
the differences between the two cannot be due to age, 
of the same size as, if not smaller than, i 
variety attains a somewhat larger size than 
disparity in size may be entirely fortuitous. 

The differences between the two forms m 

the external bones and the scales, and as • ipm 

nlainlv than the other specimens, 
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B. Mffieretmm mlentiaemi var. ovenn, nov. 

A variety attaining a length of 9-0 cm. Ruga) of mandibular ornament short and meeting 
at a large ancle ; rugse on maxillary expansion, operculum and suboperculum numerous and 
close and, bn* the last two bones, frequently interrupted. Ornament of anterior expansion 
of preopereulum composed of much interrupted vertical ridges, becoming tuberculate behind. 
Anterior flank-scales with very convex inferior margin and lower ornamental ridges corre- 
spondingly curved and coalescing to form lobes at posterior border. 

• Holotype of Variety.— Brit. Mus., P. 13175 (with counterpart, P. 13176). 

Paratype. — Brit. Mus., P. 13177. 

Description of Specimens— The specific holotype, P. 13145-6, shows all the principal 
features noted above except the distal portions of the median fins. The holotype of the 

variety is also very well preserved 
, cp 0 ' £ and the features of the facial bones 

a // s are especially well shown, but the 

^ A i~' skull-roof and the fins are for the 

• / "i \ most part missing. All the specimens 

1 v are imperfect, but collectively de- 

_ x monstrate nearly all the characters 

n.c. k of the external anatomy in the adult 
and the young. 

Shape and Size. — The fish is 
typically fusiform in outline with a 
large head, blunt snout, and well- 
developed fins. 

Its size is small; the largest 
specimen, the varietal holotype, is 9-0 cm. long, and has a maximum depth of 2-4 cm.; 
while the forma typica attains a maximum length of about 7-5 cm. and a depth of 
2-0 cm. (P. 13145). 

• Skull — (Cranium). — The oral face of the parasphenoid (text-fig. 20) is strongly convex 


Text- fig. 20 .—JEtheretmon valeMiacum, gen. et sp. nov. Visceral skeleton. 
[P. 13166. x4J.] 

6.p. — Basipterygoid process, m.c. =Mandibular canal. o.m.= Oral margin. 
p.a. = Processus ascendens. p.s.=Parasplienoid. 


the posterior n 
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Text- fig, 


these small four-sided plates is variable; 
lowest is deeper than broad. In each 

The sculpture of the bones of the r 
rugae, which coalesce in series of six or 
seven and are interrupted to a varying 
extent in different individuals; m the 
holotype (P. 13145-6), and m P, 18166 
they are quite uninterrupted, but in 
the majority of specimens they are 
broken up into various lengths, me 
general direction of this , ornament is 
longitudinal. 

The two large, anterior postorbitals 
are tuberculated, but the smaller bones 
are decorated with concentric ridges. 

(Visceral Skeleton.) — The inner 
arcade is present in many specimens, 
but in a fragmentary state, an no 

details are available. 

The suspensorium is itself unknoy 

• . . 1. VATV obliat 


well-defined 
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ium t ge n. etsp. nov. [P. 13147. X4|.j 

, Md. =Left and right mandibular rami. 

Other lettering as before. 

scarcely more oblique, 
On the other hand, in 
l a bold herring-bone 
In all cases the rugae become 

tubercular 


parallel with the ventral margin of the jaw, and the upper series are 
so that the angle formed by their junction is very small (text-fig. 25). 
the varietal holotyp© (text-fig. 22), both series are quite oblique and form 

■: (Immediate stages are shown by other specimens. 1 — — .... 
less regular and more longitudinal in direction .towards the front and pass into a ^ 

ornament under the snout. The sculpture of the anterior expansion of the preoperculum 

consists of rugm concentric with the periphery; in the variety the whole is covered with 


MR ERROL IVOR WHITE ON 




Text-fig. 23. — Internal impression of 
right mandibular ramus of ? Mheret- 
mon valentiacmn , gen. et sp. nov. 
[P. 13174. X 3 J.] 


nrobablv belonging to this species, is exposed from the inside, and a cast of the same surface 
reel in' the counterpart. In both specimens the articular end and the covering pre- 
is piesen.ea . / The course of the mandibular canal can be traced with ease, 

r^’atfet near to, and parallel with, the inferior border, and then rising in front and 

continuing beneath the dentigerous flanges of the dentary. , 

The preoperculum is normal in shape. It is sharply bent about the middle and the 
anterior border is as deep as the expansion is long (text-fig. 22: m text-figs 21 and 24 it seems 

shallower owing to crushing). Between this bone and the 
operculum lies the narrower, wedge-shaped bone “X.” The 
operculum is rhomboidal and oblique, with the obtuse angles 
rounded off, and is twice as high as broad. 

The suboperculum is nearly square; all margins but the 
binder are slightly concave, and the two anterior angles are 
somewhat produced. The branchiostegal rays are slender; the 
first two immediately succeeding the suboperculum are broader than the others, and those 
under the angle of the jaw are the longest. Their number cannot be ascertained as the margins 
are obscured by the ornament. In one specimen there seems to be an anterior azygous plate 

(text-fig. 24, Az.). , , 

The ornament of the visceral bones is partly rugose and partly tuberculate. 

suborbital bar of the maxilla ^ 


large pyriform tubercles pre- 
dominate, but the posterior ex- 
pansion is covered with rugae 
running roughly parallel with 
the periphery; these are closer 
and more numerous in the 
variety ovensi than in the 
typical form. 

It is in the sculpture of 
the dentary and preoperculum 
that the two forms differ most. 
The ornament of the dentary 
is composed of two series of 
oblique rugae which cut the 
upper and lower margins of 
the jaw and meet to form a 
series of backwardly directed 
angles. In the typical ex- 
; amples, e.g. the holotype, the 
lower rugae are very nearly 


Sk.R 


Pt Orb. 



tical rows of tubercles. In both cases the lower 
' f fch e other visceral bones is the same in all sped 
maxillary expansion, are closer and more numerous i 
Ihe ruga; on the operculum are roughly diagonal, 
the length of the bone. A similar type of 
ornament, but less regular in the centre of the 
bone, is present on the suboperculum, both ^ 
bone “X” and the branchiostegal rays are ^ 

longitudinally ridged. 

Dentition.— The teeth of the maxilla and 
loweJTaw ^ to be similar in s,e and ^ 
arrangement. Along the oral border there is 

a series of numerous, small, pointec ee ‘ • which seem to grade i.mpercepuuiy 

^ ° l “ their Z 

J\ ,!> b front of the mandible they become smaUe. and are . , |lboul . 

%r- f least eleven are seen in the max. la of ddlo 

W —-. -to- ® 'rrile tmly tod on to “a hoLntal fiango of the 
eretrwnvalentiacum, p. 13172. The latter M6 ™iy 
gen.etsp. nov. For- d , tfo other teeth are preserved. 

tion of lower jaw . 1 , "WnthinS of this is to he S60I1. , 

with two laniaries Axial Bkeleton. § 1 xi-o nj*g both of the same shapt 

”c asp*!.™ Unpaired Fins.-The dorsal and ana fins are hotn 

smaller outer series. ^P*” . • They are largely opposed, but tneorigu 

[r. 13172 . x 7 .] and about equal m size. J fin> The shape is broadb 

former is slightly anterior to that ot he m ^ number 0 f rays 

triangular, with a blunted apex and ™ exoava ^ ^ fin (Doreal . p. 18150 , P. 181M 
which are very. fine, is large, approxi J _ graduated in length, and the tips <- 






_Jaws and dentition of Mherdnm vakuliacuvi 
gen. et sp. nov. [P. 13151. X-iJ.j 


vatenliae «m» gen. et «I»- »"• “ 

iian and ventral Brut. fP- 61 
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Paired Pins —The shoulder-giraie presents no leatiuoe ux 
fcemp oral supracleithrum, cleithrmn, clavicle, and postcleithral scale are all well-developed. 
They are’ ornamented with rug® which on the supracleithrum have a tendency to form a 

herring-bone pattern. . , . . „ , ,, 

Each of the paired fins is shown in at least two specimens, and they present features of 

considerable diagnostic value. ... 

The pectoral fin is well-preserved in the holotype, but it is imperfect distally; m P. 

18148-9 it is complete (text-fig. 28). The shape 
■ is lobate and elongated with the posterior rays, 
/Wif but little shorter than the longest. The length 

'y/Mi is 8-5 cm. in P. 13148-9 and about 10 cm. in the 

/mm? holotype. The number of rays is thirteen in each 

specimen, and they are unique in that they are 
f unarticulated throughout their length; but as in 

most other palseoniscids the fin-rays dichotomize 

r distally. 

The peculiar fulcra which characterize all the 
fins of this fish are particularly well-shown in the 

Text-fig. 28—Mheretmon valentiacum, gen. et sp. nov. pectoral. The fin commences with One 01" two of 
Pectoral fin showing arrangement of fulcra. [P. 13148- ^ ugua j gj^ an terior “ ridge-SCaleS,” which are 

x8 '* succeeded by a few graduated rays, and between 

these are interpolated a series of about ten very long fulcra. The latter are like fin-rays 
which have lost their connection with the base and have become secondarily attached 
to the other graduated rays. Like the latter they have a long overlapped portion, and the 
uncovered distal part is somewhat expanded and covered with ganoine. The majority of 
these fulcra alternate with the tips of the fin-rays, but the most distal members of the series 
are all attached to the foremost long ray of the fin without any other rays intervening. 

The origin of the ventral fin is considerably behind the mid-point between the pectorals 
and the anal. The ventral fin (P. 18161, P. 18148) is smaller than the pectoral, but it is well- 
developed and contains at least twenty rays (text- 

fig. 27) which are segmented throughout. The -ft 

articulations of the rays are comparatively distant 

proximally, but increase in frequency towards the „ 

tip. The shape of the fin seems to have been 
triangular or rounded and the base relatively long, 

and the same series of elongated fulcra borders the text-mg. 29.— Mheretmon valentiacum, &n. etsp. nov. 
anterior margin as in the other fins. Median dorsal ridge-scales. [P.13159. xi2.] 

Squamation. — The scales are brilliant and 
ganoid; those on the body are thick and rhomboidal in shape, with a strongly denticulated 
posterior margin. They undergo the normal variations in shape and size according to their 
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flank-scales than is actually the case, owing to the telescoping of the pectoral region rvlrich 

has taken place “^TsToraed hyTscSs’ of enlarged oval ridge-scales which extend from 
The or , , i j p, (text-fig. 29). In front they are oval and flat., and at first 

near the occrput to ^ body-scales, while the area of overlap is small 

T rfC fmedian ridge is increasingly developed, and the scales become large and 
Further to .the -rear a m 8 p ; tion deepens and the anterior margin is progressive y 

in „re pointed behind w.Ue J v . shaped . TheS(i points are well shown in 

;“u*“d 81, in the first of winch the scales are drawn out, and the overlapped surface 


ICT - Fits' . 31. — Mthe ret num 
mkntiacuw , gen. etwp, m>v. 
Dorsal ridge- scales immcdi- 
ij.telv ^receding dorsal tin. 


of the dorsal tin and then grade insensibly into 
continued behind the dorsal tin along the 
long and V-shaped. These long forms are ob- 
sygous ridge-scales into which they grade were 
>inprising four scales, runs from behind the anal 

e a pair of very large plates uhudi apparently 
s rounded and the length considerably exceeds 
'll ti nnar^Titlv unp&ired, which is 


is visible. The scales are largest just m 
L anterior rays of the tin itself. The series is 
upper caudal lobe, where the scales are very , 
viously of a paired origin, and the so-called 
doubtless of a like nature. A similar series, comp 

fin to the lower caudal lobe. 

Immediately in front of the anal fan are a 
surrounded the vent. Their upper margin is rc 
the depth (text- figs. 82, 88). In front of these >s. 
seldom seen, as it is usually obscured by >■ 
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the variety wen-si, however, the inferior margin is decidedly convex, arid the lower rug® curve 
in a corresponding manner and coalesce to form one or two complex lobes behind (text-fig. 
35 a -d). The rug® in all these scales are really compound and are formed by the junction of 
two ridges (text-fig. 34 b-c), and the space between is striated. Diminution in the number of 
rug* naturally takes place in the shallower scales, and in extreme cases they are simply bilo- 
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Text- fig. 34 .^JSlheretrmii mk-tUm-cnm, . gen.' et sp. nov. 
Scales of holotvpe, P. 13145 [except “ f ” which is from 
P. 13161.] 


(a) Sub-ventral, 1st row. (b) mid-flank, 10th row. 

(c) 6th row below lateral line, 12th vertical row. 

[d) Lateral line, (e) Posterior Hank. (/) Caudal 
body prolongation. [ X 6.] 


Text- fig. 35.— Mtheretown valentiaciim , var. ovensi> nov. Scales,." 
of holotype of variety, somewhat worn. 

(a) Anterior flank, 2nd row. (6) Middle flank, 9th row. 
(c) Middle flank, 1 1th row. {d) Posterior flank, (e) Posterior 
dorsal. (/) Posterior ventral, (g) Caudal pedicle, (h) Caudal 
body prolongation. [P. 13176. X6.] 


bate (text-fig. 85 g). The scales of the caudal body prolongation to the tip of the tail are 
ornamented with a median depression (text-figs. 34/, 85 h). 
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The ridge-scales are decorated with longitudinal ridges which, in the more oval forms, 
curve inwards in front a.nd behind to form closed rings. 

There are approximately forty-eight vertical rows of scales from the shoulder girdle to 
the start of the reversed series on the tail (P. 13150 , 52 , 62 ), but the number of horizontal 

rows is not so easily determined; on the pectoral 
region it is in the neighbourhood of twenty-two 

Sensory Canals. — The course of the lateral line 
LL from the shoulder girdle to the base of the caudal 

body prolongation can be traced with ease in many 
specimens. On the tail it turns upwards to run 
^ ' L along the lower margin of the body prolongation; 

Tarr-nc, m.-MOereinon vaUMiac™, nov. but ’ after reacbin g the ventral border, the con- 

Postenor end of l&terai line, [p, 13152. xsf.j spicuous ridge on the scales disappears and its 

L.L.-i.i,=ciourse of lateral line, ; q , b . p.=c audai course cannot be followed further backwards (text- 


opening of the canal on the surface of the 
ation in the posterior border of the scale 
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t -io Qrwimens —There are nine examples of the young stages of this fish and as 
rh thirl worth separate notice, although some have been noted in the general description. 

81 11! West ot these specimens is 5-5 cm. long, and the smallest measures 2-0 cm. less. 

The la g . relatively larger (text-fig. 37) and the hns more developed 

,!? nftZ are » w^Sult specimens. °Many features are best displayed by 
'Lll’sS fished especially to be noted are the head-bones and scale-sculpture m 
p 13168 P 13170, the unarticulated pectoral fin (P. l sl68 > ^ 

13170 and the chiraeters of the ventral (P. 1 S 170 ) the dorsa! 

(P 1 13163), the anal (P. 13162, 4, 7), and the caudal fins (P. 

1816 E«arte.-This little fish, of which a restoration is attempted 
in text-fig. 38, is easily separated from other genera of this fan y 
by the charaeters of the fins, which in shape, size of fulcra, ami 
the inarticulation of the pectoral rays are unique; and the con- 
fisuration of the head-bones with the subdivided postorbital sene. 

£, tether to distinguish this form. In shape it is stout and 
ia her of the “ gold-fish” build, resembling in *> 181) . The liead-bmies 

as in size, some of the CamHi such as subdivision of the 

are normal in shape and arrangement and except m , ls n onicMhys, etc. 

postorbital, they do not differ greatly torn the o he or e an4 c . ertili nly not 

The dentition is rather poorly 


■ 'T’EXT-'FKf. 37 . — jMkeretmon mien 
tiactwu gen. et wp. nuv. Head 
of young individual . | 1\ 13ia8. 
X4J.J 


Tbxt . mo . 38 . — Restoration of MMrHmn vale.nliacum, g-n. el* «»*• [xij 


Text- wo. 38.— ... 

i Hvif it preyed on the chitinous arthropod* m wuh-u 
,ther fishes would entail; 18 ^° a o “. boc [ ie d features of which time law left no trace, 
hese waters abounded, and on me son i> 

Genus BTMOTOBOHBia.* ^ ^ poillt .ed, fore- 

Tnrnk very deeply fusiform; eauda ' pe< ?“j “Xrioriy placed; suspensorium very ohluiue, 
head sloping. Head deep with proiniuei . umner0 us and bluntly slyhfmiu, inner 

gape moderate. Jaws stout; oute. 

teeth large, acutely conical upper and branchiostegal rays unknown). 

Opemulumdeepandrelatrvelyp^^Y^...^ 
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, . , r atnnt External bones ornamented with interrupted rug®. 

Oleithrum and clavicle very ^ ^ articu i ate d to base, totally dichotomized; those of 
Dorsal and anal fin-rays 8 ^ of dorgal and paire d fins unknown.) Anal fin 

caudal similar but finer. • • ate q arge ly posterior to dorsal in position. Tail deeply 

moderate m size, tnangu y A f except under dorsal (and also over anal) 

cleft and very the rows deflected; line of back and belly marked by 

fin where it so . b ' d l f w p 1G li the ventral series is paired. Scales ganoid, 

TT ,1Sal upper front angle oY flank-scales, which are deepened anteriorly, much 
protcU; 1 ventral’ scales very narrow, almost luniform. Scale-ornament composed of con- 
spicuous ridges, disappearing on caudal body prolongation. 

This genus contains one species:— 


Strepheoschema fquldenmsis, sp. nov . 
(Text-figs. 89-46.) 



wm 


Holotyve. — Imperfect fish in counterpart, Brit. Mus., r . Hiiio-/. 

Paratype . — Three specimens, P. 13118, P. 18119, P. 18191. 

Description of Specimens.— The holotype consists of the head and trunk o 
e size, without fins, but nevertheless very beautifully preserved. P. 1311 
■thirds of a larger fish crushed dorso-ventrally. The tail and dorsal fin are 
although shapeless as a whole, the specimen shows a number of finely p: 
’ P. 13119, a piece of wornsqua 

■ ■ -p, ^ , portant, as it shows part of the 

'v ) the neighbouring scales. P.1319 

^ j \ \ \ m jH region of a very small specimen 


J 0*5 cm. may be added. The head is &* / cm. 

*3 «*d the maximum depth of the body even wh. 

allowing for the displacement of the yen 
scales, is no less than 4-7 cm. The uncrushed state of the pectoral girdle and the position 
the dorsal and anal baseosts clearly prove that the considerable depth of this specimen 
natural and not due to distortion. The caudal pedicle in long and stout and the extensi 
of the body in the tail elongated. P. 13118 is part of a specimen half as large again as t 
type, and measures 7*6 cm. from the hinder end of the dorsal fin to the tip of the tail. I y 
therkore about 17 or 18 cm. in total length. 

V SkuU^-'{Cr anium) . —Except for a doubtful fragment of a basipterygoid process, noth 

is to be lean of the substitution-bones; and, of the membrane-bones, the parasphenoid ah 
. jg well preserved. This bone lies on the left-hand slab (text-fig. 40) and shows the abc 
surface. U is crushed and the posterior border is broken away, although there cannot b 
<f M sat deal missing. The boats is short and broad and narrows towards the front. The 
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perfect remains of a long and powerful ascending process are preserved on the left side, and at 
the base of this in the middle of the parasphenoid is a conspicuous but irregular pit for the 
hypapophysis ; here also was the centre of ossification (see Stensio, 1921, p. 176). In front 
of this the bone is flat, but the sides are slightly turned down, so that in this case it is the oral 
surface that is concave. A pair of longitudinal grooves run forwards from the median pit 
on either side of the central flattened area, increasing in depth as the anterior margin is ap- 
proached. These are flanked by a fainter pair which meet the first where they cut the front 
margin of the bone. 

The outlines of the cranial roof-bones are in every case obscured, but the ornament can 
be seen in the liolotype, and is composed of irregularly longitudinal rugae which are much 


A 



Text- fig. 40. — Strepheoschema fouldenensis , gen. et sp. nov. Visceral skeleton, 
etc. of liolotype. [P.13117. X4J.] 


Ect. s=a EctopterygoicL Hy. — Hyomandibula. Mt. = ? Metapterygoid. Mx. 
ex. = Maxillary expansion. Pa. — Parasphenoid. P.A.P. = Ascending pro- 
cess of parasphenoid. P.mx.— Premaxilla. Pr.~ Process from hyomandi- 
bula. Pt. — Pterygoid. 



Text- fig. 41. — Strepheoschema fouldenensis, gen. 
et sp. nov. Head of right-hand slab of holo- 
type. [P. 13116. XlJ 


C2.— Cleitlirum. Cv, = Clavicle, /.a. —Impression 
of suspensorium. Op. «= Operculum. S.Cl. 
Supraeleithmm. 



interrupted, and anastomose frequently. The position of the orbit is indicated in P. 18116 
(text-fig. 41). It is large and, as usual, placed far forward and low down. 

(Visceral Skeleton.)— The greater part of the palate lies spread out beneath the para- 
sphenoid in P. 18117 (text-fig. 40). It is crushed flat and the upper hinder portion is obscured 
by the maxillary expansion. The palatal region in palseoniscids was exceedingly difficult to 
interpret until a complete series linking the extreme forms with that of the osteolepids was 
described by D. M. S. Watson (1925, p. 851). The palate of Strepheoschema seems to be nearest 
to that of Elonichthys caudalis in that it is chiefly composed of a large pterygoid, and that the 
autopalatine and the suprapterygoid series, except for a doubtful portion of the metaptery- 
goid, are missing {ibid., p. 856, text-fig. 25). The upper margin of the pterygoid is thickened 
and smooth, so that it stood freely in the skull; it bears two notches, of which the one far 
forwards is difficult of interpretation unless it were connected with a palatal nostril (Watson, 
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nerve. This second notch is unfortunately broken, but from it there runs a deep groove "which 
most likely marked the course of the maxillo-mandibular vein (Allis, 1922, p. 262). . Just 
before this groove crosses the suture between the pterygoid and the ectopterygoid, it is joined 
by a smaller branch from the outer edge of the pterygoid, and this doubtless indicates the 
course of the maxillary ramus. The suture between the ectopterygoid and the pterygoid is 
remarkably jagged, but is less so than that between the pterygoid and the doubtful meta- 
pterygoid. The identity of the latter bone is questionable on account of the uncertain nature 
of the* suture with the ectopterygoid ; it might be a crack, in which case the whole is a very 
large ectopterygoid. 

The outer margin of the palate is turned upwards and outwards towards the maxilla, but 
along the groove thus formed the bone is so badly fractured that the identification of the 
palatine series is impossible, and no teeth are to be seen. 

Lying obliquely behind the bones described above is the powerful hyomandibula. The 
upper half of the bone is actually present, but below the middle it is shown in impression. 
The upper end, which is imperfect, is normally expanded and bears a short median groove. 
About the middle of the hinder face of the bone an outgrowth is given off very much as is the 
■processus opercularis in Boreosomus (Stensio, 1921, p. 211, text-fig. 70); but it is irregular 
and has the appearance of being diseased, for it bears at least three crater-like scars. Instead 
of being short as in Boreosomus it apparently continues into a long slender process, as long as 
the upper half of the hyomandibula itself (Pr., text-fig. 40). The process is expanded at the 
distal end where it is broken away. There is a distinct crack where it joins the hyomandibula, 
but it is certainly part of that bone. Distinctly abnormal, it is in all probability an ascending 
process in a diseased state, and consequently it has suffered hypertrophy. This view is sup- 
ported by the pathological condition of the base.* 

The preoperculum covers a large area of the cheek, but the upper margin is obscured by 
the impression of the hyomandibula. It is of the usual bent shape and the anterior expansion 
is very deep (text-fig. 41). The operculum is obliquely rhomboidal and measured 1-0 x 
0-5 cm. All traces of the suboperculum and the branchiostegal rays are obliterated by 
the pectoral girdle. 

The ornament of the preoperculum consists of rather irregular, elongated tubercles or 
short rugae, and that of the operculum of interrupted, longitudinal striae, which are shortest 
along the posterior border. 

The maxilla is of the usual pattern, but the rectangular posterior expansion is exception- 
ally deep, and the oral-margin is much turned down at the hinder end. The foremost part 
of the suborbital bar is very narrow, though it expands somewhat under the postorbital 
series. There is a horizontal flange directed inwards along the oral margin, but none of the 
teeth it bore is now to be seen. The mandible is moderately long, quite slender in front, and 
greatly deepened behind. y A A .7, 7' ryq7-' : ' ^ ^ 

The ornament of the maxillary expansion is composed of fine, anastomosing ruga: which 
run parallel with the upper and hinder margins ; and that on the suborbital bar, although 
; ; i, indifferently preserved, appears to have been tuberculated and is quite abruptly separated 
from that of the expansion. There is a broad, smooth area on the orbital margins of both 
portions, where the bone was overlapped by the circum- and post-orbital elements. The 
mandible is decorated with numerous fine rug® running backwards and doirowards until 
underneath the jaw they are abruptly deflected forwards. ■ . 1 ; 

• ^ ML B. Watson Uwt this may k tk result of in the tmmulm adductor hyoman- 

dihulari#. 
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Dentition. — Except for a few shapeless fragments seen on the prema: 
hand slab of the holotype, nothing is known of the upper dentition. 

The right mandibular ramus is divided between the two slabs, the riglr 
the dentigerous oral shelves and a complete impression of the outer surfac 
shows the remainder of the shelves of the dentary and pre-articular and the 
of part of the mandible itself. The shelves are separated and lie across or 
dentary bore conical laniaries of which three are still preserved (P. 18116), wh: 
is seen on both slabs supporting a series of numerous small, blunt, and eve. 
There are no signs of any coronoid elements, and, as described, the teeth se 
borne on the horizontal flanges of the dentary and pre-articular (see Watson 
Axial Skeleton— This is entirely wanting. 

Unpaired Fins. — There are no lepidotriehia preserved in the holotype, 
dorsal fin are shown by P. 18118 and P. 18119 (text-fig. 44), of the caudal 
P. 13191, and nearly all the anal by P. 18191. The lepidotriehia are very 
closely and evenly articulated; except, of course, that the basal segment of ' 
longer than the others. Each ray has an ornament of fine diagonal strise. 


Text- fig. 42.—/$ Itrepheoschemafouldenensi^ " ~ ensiM " * ‘ no ' v .‘ Anal 

gen. et sp. nov. Dorsal radials, [. Bulial* fl\ 13110. 

13117. X8W \. ih] 

Ax. =Axonosts. Baseosts. Bawonte. *V.=SeaN. 

R.Sc, = Ridge-scales. /Sc.— fecaies. 

- * -x £ 

ftAngXly aeumtoate in shape and well-developed, with upwards ot thirty rays; 

ae dorsal was of similar proportions and form. ym , 

currence ol the radial series in the liolohyro hxeK He mu ,1 ■ • ■ ■ , , ( 

eriorly placed, as the dorsal noses ^ ,„st„rior in position, 

ing partly opposed. The ^ ^ n,e„^„ re 

iperfect and preserved m part as impress o, about , klil . , ukl(lu .. To 

length, are flat and slender anc ave . > UlHll .. R |, ls „, while their length 

re haseosts become shorter an . e *1 • , |, tk , „[ the foremost, 

niiormly until the last one preserved has only Ml ho ,, asl . hm g l h 

adial and lepidotrieh series are coextensive mth s hum 5 an i , « ia 

could be obtained from the measurement ot tin >jj« ^ ^ lmlWy ' a8 Ul0 anal 
n long however, m^ingt^he fin ra ^ pldiMni3ci d a the two fms are 

flly wen-a*Tetop«l, and gen 7- ^ ^ hindmort haseosts ere not preserved 
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• fhi , , mdmen The axonosts, of which only two and the impression ot a third remain 
nnderhe the anterior baseosts conformably. They are shorter and less expanded at the end 
than are the distal elements. A considerable part of the baseost series ot the ana n is ex 
Wh ed bv P 13116 (text-fig. 43). Like those of the dorsal they are fragmentary, and the full 
Sh of the anterior baseosts is not shown. They are similar to the corresponding ossicles 
ot the dorsal fin and vary in the same way, except that the last one or two are rather stouter. 
Seven are actually preserved in part, and the impressions of three more anterior elements are 
inst discernible on this slab and the counterpart. There are no signs oi any anal axonosts 
The tail is lamely preserved in the small fish P. 18191. It is very ineqmlobate and deeply 
cleft, and the upper lobe is long and slender. In this specimen the distal dichotomy of the 

rays is very well shown. . , . , 

“ ' The presence of fulcra in the median fins cannot be detected for certain, but on both anal 

and caudal fins in P. 18191 there are indications that such were present. 

Paired Fins-(Peetoral Girdle).— The post-temporal plates are large and oval, and the 

supracleithra are of the usual elongate form. . 

The cleithrum is extremely large and powerful. The greater part of the bone is shown 
from the inner aspect by P. 13116 (text-fig. 41) in a quite uncrushed condition, and impres- 
sions of the outer surface of the missing parts are also present. The upper vertical lamina is 
divided by a median ridge or fold into two halves, the anterior of which points forwards and 
inwards to the branchial cavity (cf. Traquair, 1877, p. 25). The horizontal basal portion is 
very broad and gently rounded and, as the curvature is preserved, it shows that the fish was 
quite thick-bodied and by no means absolutely flattened from side to side. The uncrushed 
state of this bone proves that the great depth of the fish is natural, for the lower contour is 
continued by the displaced ridge-scales of the belly. In P. 13117 there is the impression o 


a small post-cleithral scale. 

All the bones of the pectoral girdle are ornamented externally with rugfe which are gener- 
ally interrupted. On the post-temporals, however, they are whole and frequently anastomose. 
On the supracleithrum the rug® are roughly longitudinal, hut the pattern is interrupted by 
the lateral line which follows its usual course. The ornament of the cleithrum runs somewhat 
obliquely and becomes broken up along the posterior border, while that of the clavicle, as far 



is can be seen, is wholly tuberculate. _ 

(Fin.)— There is nothing left of the fin itself in any specimen, but it was probably large, 
in keeping with the powerful cleithrum which is deeply notched behind for its reception. 

(Ventral Fin.)— This is entirely missing in every specimen. 

Squamation. — The scales are extremely thick and covered with brilliant ganome. 

The variation in the squamation is normal for the family, except that under the dorsal 
fin the scales are subdivided and the rows deflected upwards (text-fig. 44). A similar arrange- 
ment doubtless existed over the anal fin as well, but this region is in no case preserved. The 
anterior flank-scales are considerably deeper than broad, but dorsally and to the rear the 
scales become rhombic, while ventrally they are very much wider than deep. A conspicuous 
inner rib is present as well as a strong peg-and-socket articulation ; the latter feature, however, 
disappears caudally. The upper and lower borders are sigmoidally curved and the hinder is 
denticulated. The number of posterior denticles naturally diminishes with the decrease 
in depth of the scales, of which those that are under the dorsal fin are smooth behind. The 



r acit i and k from specimen F- 13117: 6 J, », and m from F. 1311U; 

[“’ * * ’ ’ -j, l, aIld n Lm P. 131 18. All enlarged xS-8.] 

not shown — they do not extend behind the anal «>■ '«•' «»*» 11,0 

b re of the usual azygous form. , . k 

unpaired ridge-scales also marks the line of the la« k. and 

aleTis characteristic (toxt-fig. 45). The chief feature is a series 
“h rnn obliquely from the top front corner. As a rule they do 
lurface of the scale, but end at irregular intervals m shatp point, . 

; another series which runs parallel u, the front and lower margms, 

« ii xi. A lovrte paired ridge-BCftles, u strong tugii <iiso 
is more irn ga.ar in the „a, red ventral 
Jru® cross one another in trellis-work fashion. fostenorly 

ank-soales become rather broader, and the points in which they 
aaK scales decenerates mto fine stria 
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mi e |„„g„t«l pits. Only a single median pit remains on the diamond-shaped stales of the 

b °‘^en°m?Ommta.-The conrsa of the lateral line is normal as far as can be ascertained, and 
the amid opens on to the snrfaee of the scales by a slit sitnated about two-thuds ot the stay 

iMTOS R«mfc^S'most striking feature of this fish is the great depth of the body (see 
Pastor ion " text-iig. 46), recalling types seen in many other families of Actmopterygians, 
but ^not hitherto described in the PJimMl*.* *> thi. character Strepkeoschema approaches 
the Platy no mida}. In all other respects, such as the position ot the orbit, the deeply eleit 



mouth iaws, etc., it is a typical palseoniscid as much as is Gonatodus, which is the next deepest 
member of the family. There is, however, little else that is common to these two genera 
except that both have blunt teeth ; here again they differ, however, for those oiStrepheoschema 
are quite uncurved and are accompanied by ordinary conical lamaries, a combination ui q 

in the family. 


Summary. 



the introduction, the main interest of this collection is stratigraptocai, 
ive fauna as this from such barren rocks is certainly welcome ; but from 
mms are a little disappointing. The larger fragments 
. the new species of Acanthodes is of systematic interest 
ie hope that here we might glean some new anatomical 
a critical period in the evolution of their order, 
scids (1921) and Watson’s on those of Goal Measure 
icreased our knowledge of the anatomy and affinities 
intermediate genera of Lower Carboniferous times 
"" ' 'ng undergone by these new fishes has, 

m coming to hand. As new genera these 
8 forms to the already prodigal number of 
i them, by reason of their extreme char- 


coneermi 


ie, for they ad 

liscid theme, 

Mention. 
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Fouldenia is interesting on account of the peculiar shape of the preopercular and maxillary 
hones and the condition of the fin-rays in this genus seems to throw light on the nature ot 
fin fulcra in other genera. In this case, the free distal end of each of the anterior graduated 
mvs is expanded and covered with ganoine, greatly resembling the- series of fulcra uniady 
found in members of this family and serving the same purpose, namely to strengthen ihe cui- 
water Doubtless for mechanical reasons it was more advantageous to have a greater t cm- 
biiity of the anterior fin-margin. This required that the expanded ends of the rays should be 
smaller and more numerous, and therefore, that more of the antenoi ray* * iou t tn a u 
graduated series; but even so the necessary flexibility would not be achieved it all retained 
fheh connection with the base. This is precisely the condition found m touMema, in which 
the o-raduated series is long and the maximum depth of the fin is relatively far behind. t 
next* condition, therefore, was the loss of the basal attachment by a number oi lays, and 1 . 
consequent development of the fulcra therefrom by reattachment lo such oi the unto nor 
lepTdlioh, as remained in normal connection with the baseosts. In M **«*»£» 
mediate stage is beautifully shown, for the fulcra are few an me ' l ‘j A ”’ s .j co ' nneI . t i ou 
greatly differentiated from the normal rays and cannot have long o^ . -••• • 

From this sta«e it is not difficult to derive the forms ot hum which the antenoi bn da . 
protected by the customary series of fulcra of various sizes. Obviously to nmn »ei o '*** 1 
rays whioh could have been absorbed into the fulcral series is limited • “ d ' ’ 

1 L fnWfl for in the Middle Old Bed Sandstone genera Cheirolepts and b kyo racfuluo 
Too^J'w’U im separate 

small size. Nevertheless it gives a stiong . different branches of ihe familv. 

have been developed independently several times in w ^ f tI sqmuna tiou 

Carloveles provides another interesting instance ot the degeneration ^ i 

among ganoids which anticipated and the^eS type was evolving, 

generally taken place in this group m ear y narallelhm io that” change Ilian did 

krs ^ ss =± ^ 

later date than that of Foulden. , -t - t nt w features worthy of notice. 

Besides the fulcra noted above, Mheretmon exhib^ first one or two rays 
The inarticulate condition of the pectoral fan « iel i. - • (>f ll , | , ullis( .ids, ihe tins being 

should be without articute is usual as it occurs m u^ ^ ^ fijj Mt{ huvt , been stiff 
merely balancers (see Watson, 1925, p. 824). But tluU ) the suppleness of the 

is most unusual, for the ganoid rays of these fishes must 

lepidotrichs of modern forms. the nearest approach that a paheoniseid 

Lastly, the form of ot » plalysomhl „or, even for Un,t 

ever made, so far as we know, to a p a ys • ^ j orm #f head-hones is l.ypically 

matter, can it be regarded as a connee 1 8 ' ^ piatysomids of the Lower Oil 

palaaoniscid and far removed from the physiognomy of 1- > 

Shales. . , A Vftr v base of the Carboniferous rocks, and 

Although the Foulden strata are eonaderable series of fish remains descrilied 

their fauna must certainly be the earhest w. h -ui .onsnur^ . .. 

from that formation, yet it must be ie a ■ 

; ' . ' ■■ ■ : ; ' /■ : '■ 

- 1 k -b ... f U , * a , " ' 


Pfjti.m umi *o*uw«*» . 

do not show any markedly 
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to be expected, for in the Middle Old Bed Sandstone genus 
Vhite, 1926) which is the earliest member of the family with 
re features are by no means striking. We have to go still 
estral form with sufficiently generalized characters to be of 
light on the origin of the Actinopterygians. 

5 associated with the fishes little can be said ; the plants have 
mentioned in the introduction, by Dr Kidston, and a summary 
here appended. The Molluscs are not determinable, 
of the problematical Glyptoscorpius caledonicus Peach, the identifiable 
1 to two genera of doubtful species, Tealliocaris and Grangopsis. 

ally as it is the earliest Carboniferous fauna described 
ferial may be collected which will throw further light 


primitive character. Tins is not fr 
Stegotrachelus (Woodward and W . 
normal squamation,* the primitiv 
farther back to find a likely ancc. 
real interest and to throw 1 _ 

About the other organisms 
been partly worked out, as l — 
by my colleague, Mr W. N. Edwards, is 
and with the exception 
Arthropods are confine* 

It is an interesting assemblage, espec 
from Britain, and it is hoped that more ma 
on the life of this early period. 

* This excludes Cheirolepis of the same age, which b 
line of development, and may be referred to a separate su 


LIST OF FOSSILS FROM FOULDEN, 

Tealliocaris, sp. 
Crangopsis, sp. 


PISCES . 

Acanthodes ovensi, sp. nov. 

Gymcantlms, sp. 

Calloprisiodus pectinatus (Agassiz). 

RUzodus hibberti (Agassiz and Hibbert). 
Strepsodus, cf. sulcidens (Hancock and Atthey) 
S. striatulus Traquair. 


MOLLUSCA 


Gasteropoda, indet. 
Lamellibranchiata, indet. 


PLANTjE. 

Aneimites acadica Dawson. 

Sphenopteris ( Telangium ) affmis Lind, and Hutt, 
Ootheca globosa Kidston. 

Cf. Coseleya, sp. 

Carpolithus, sp. 

Fructification of Pteridosperm. 

Lepidodendron, sp. 


Fouldenia ottadinica, gen. and sp. nov. 
Carboveles ovensi, gen. and sp. nov. 
JEtheretmon valentiacum, gen. and sp. nov. 

A. v . var. ovensi, nov. 

Strepheoschema fouldenensis, gen. and sp. nov. 

ARTRROPODA. 
Glyptoscorpius caledonicus Peach. 
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APPENDIX, 


LOWER CARBONIFEROUS PLANTS FROM FOULDEN, BERWICKSHIRE. 

By W. N. Edwards, B.A., F.G.S., of the British Museum (Nat. Hist.). 

The plant remains in the Thomas Ovens Collection from Lower Carboniferous (Tuedian ) 
near Fonlden, Berwickshire, are of considerable interest, though few species are represented, 
have already been described by Kidston, to whom Ovens had sent many of his best specimen 
these are now in the Kidston collection at the Museum of Practical Geology, Jenny n Street. In 
tion to those mentioned below, there are branched fragments of Pteridosperm rachis. impress) 
larger stems, and some other obscure specimens. Numerous examples of Spirorlm occur on the 

remains. 

Aneimites acadica Dawson. 

This frond has been described and figured by the late Dr Kidstos (Mm. <M. «*rr. W. I. 
Paleontology, vol. ii. pt. 5, 1924, p. 414, pi. ex, ff. 4-1). It is the oommonu* JWM. 
Deol Dept V. 16860-64), though it is very rare in Britain, and is eonlmed to tin * - ' 

Kidston gave the locality as “ left hank of Crooked Burn, about SO yards below Won 
Fonlden, Berwickshire,” and the horizon as “near base of the Cementstone group of the 

Sandstone Series. 

Sphenopteris ( Telangimn ) affinis Lind, and Butt, 

This pteridosperm frond (V. 16865) has previously been recorded only from the oil shale 
an noinifsmuB Sandstone, where it is abundant. 


Cf. Coseleya, sp. 

-idosperm fructification, also probably mici 
•idston (op. cit., pt. 4, 1923, p. 370, pi. lxxvi 
ion (V. 16888) are three groups of sporangia o 
the Westphalian, and it seems improbable th 


Lepi<lo<lnidfo/i. sp. 

structure (V. 16870) apparently helm 
the occurrence of petrified material at 
in a coarse sandstone matrix, and in 
ostrobw, with capitate appendages. 
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3 OKIES OF THE STRUCTURE . 

steral Principles of Glacial Tectonics 
steral Application of the Principles of 
Glacial Tectonics to the M0.en Sections . 
tailed Description of the Sections . 

[i) Types of Material involved in the Disturb- 

ances . • • * * * 

(a) The Chalk . 

(b) The Drift . • * * * 

(ii) Sections in the Northern Part of M0ens 

Klint . . • 

(a) The Siotsgavlene “ Core 

L Introduction. 

, the summer of 19-25 1 paid a visit to Jloen a Danish island «#»*■» * 

of Copenhagen, for the purpose d study, ng the cWseetrons.^ ^ 

he particular object, of the investigation »»«•*.. • , , tl witi ,h 

facia! deposits acre a,, pi, cable l 


ahed in 1851 f (8). 

M for the Degree of DoHor of fc»ek*iw© In tlir 
bhis work in the library of the Otftnffcttl 3** 
PART ii (NO. 14 


2y0 DR GEORGE SLATER ON THE STRUCTURE OE THE 

One of the earliest workers, Forohhammbb, appears to have attributed the disturbances 
m the combined effects of ice-action and earth-movements associated with volcanic pheno- 
mena (2) PtmoAARD-s views, which explain the structure by earth-movements, have been 
concisely summarised by Lyell (5). During the latter half of the nineteenth century there 
was a skon* tendency amongst Danish geologists, notably Johnstrup, to accept ice-action 
•is" 'the 'in 0 st & reasonable explanation of the disturbed structure seen in Moen and also m the 
island of Rimen (4 6 and 7). In recent years, however, the balance of opinion m Denmark 
ha,s chaimedK favour of the hypothesis that the disturbances are due to earth-movements 
and onlVto a very limited and superficial degree to ice-action. Mr Y. Hums is a strong 
upholder of this view as applied to the Moen sections (16, 19). This hypothesis, in my opinion, 

is entirely untenable. 1 , . ,, T . , 

In spite of the fact that the Moen sections are on a scale ten times greater than the Ipswich 
sections nevertheless it will be shown that the general principles of structure in both areas 
a*ree so’ closely, that there can be little doubt that the whole of the Moen disturbances are 
due to ice-action. Further, that when the area has been mapped by the Danish Geological 
Survey, Moens Klint promises to reveal one of the most elegant and instructive examples of 

glacial tectonics to be seen in the world. 

Many of the difficulties raised against the ice-tlieory appear to be due to a lack ot kiktw- 
ledge of the principles of glacial tectonics. As these are the result of recent investigations, 
thetime seems opportune for a concise statement of these principles, so that we may deter- 
mine in what respects they promise a solution to the complicated structure of Moens Klint. 
The fundamental laws of structure of the behaviour of ice when meeting with obstructions 
to movement were formulated by the American school of glaciologists from a study of Green- 
land glaciers between the years 1890-1900 (8, 9, 10, 18). The application of these principles 
to disturbed Pleistocene drift deposits has been carried out by me, and this has led to the 
discovery of further laws of structure. The crucial test of the general application of these 
laws now appears to me to lie in the Moen area. 


HI. General Principles of Glacial Tectonics. 

The general principles of glacial tectonics enunciated below have been formulated from 
two lines of investigation: 

1. The study of Arctic glaciers. 

2. The study of disturbed deposits of Pleistocene drift. This combined study has shown 
that glacial disturbances belong to two great types, A and B, each being marked by particu ar 
characteristics, but each class has principles of structure in common. 

Class A, “ the roche-moutonnee type” is associated with a forward movement or advance of 
the ice. 

Class B,“ the stagnant-glacier type” is characteristic of retreating ice during the period of 

deglaciation. 

; These two classes will be described separately. 

Class A. The Roche-moutonnee Type. — The chief points of structure in this class are as 

follows:-—. . 

t. The initial cause of the disturbances is the roche-moutonnee “core.” 

2. The superimposed beds dip in opposite directions on the two limbs of the core. 
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lie agrees with the “roche-moutonnee” type of disturbance (Glass A). 
Lvided into two series of sections, north and south. In each of these areas 
initely associated with a “core,” or nucleus of the structure: 

he south the central unit of structure is the Dronningestol. 
he north the central unit is the coast area known as Slotsgavlene. 

a drift-filled central basin called Sandskredsf aid and Avlegaardsfald. 
•Shown by thrust-planes is developed on the iceward sides of both of the 
iorth thrust-planes are well developed in the Taleren, to the south thrust- 
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bed beds show anomalous dips and strikes at variance with those of the 
wounding country rock. 

, t h e structure a considerable overburden is necessary, as the disturbances 
structure ” in zones of great pressure. If this structure was due to earth- 
rerburden would be rock, and the amount of time necessary to remove the 
Ted by the type of folding would be insufficient in post-glacial times. On 
j structure is due to ice, the overburden is provided by a mass of compara- 
. -dying the englacial material, and the difficulty therefore disappears, 
flow-overfolds simulating squeezed anticlines occur in association with 
le vicinity of “horsts.” 

5 been differential, the upper layers of material moving more quickly than 
diich are associated with frictional phenomena. The thickness of incor- 
noving as an entity varies from an inch to many feet. 

sequence between cause and effect can be traced, not only between adjacent 
>ut the whole structure when traced backwards ; that is, in a direction opposite 
lent, and accordingly in a direction towards the supply of material incor- 
.t of considerable importance is the definite and ordered changes in the 
on of the thrust-planes, the range being from a low angle to a nearly vertical 
es on the iceward side being greater. 

est amount of compression is evidenced in the zone of latest formation of 
that is, nearest to the source of origin of the material involved, 
graphy of a glacially disturbed area is peculiar. The general form is egg- 
ider portion being on the side directly exposed to pressure. The axes of 
x trend very rapidly over small areas. 

etition of “dual deposits” already mentioned in Class B is also to be seen in 
3 A associated with the iceward side of the roche-moutonnee. This appears 
i the “Zone of Anticlines” of the Moen area, as will be shown later. 


ral Application op the Principles of Glacial Tectonics to the 

M0en Sections. 

hjrbances in Moen are local and only extend for a distance of about 3 miles 
th. This fact was pointed out by Lyell in 1837 (1). 

hances are superficial, the disturbed chalk being intimately associated with 
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are traced southwards from each of the two “cores." This 
variation in the angles of inclination of thrust-planes is an 
index of- variations in the amount of pressure. 

5. The direction of dominant pressure varied. In the 
south it was towards the N.N.E., in the north it was 
towards the west. Throughout, there was an interplay 
between these two directions which will be referred to in 
greater detail at the end of the paper, the directions of 
movement being the results of variations in pressure. Tins 
movement was of a pivotal type, the central axis of 
movement being through the central basin. 

6. Movement of the beds has been differential and 
not movement en masse. This is shown by the strips of 
drift intercalated in the chalk, by the internal structure of 
the chalk, and by the type of curve developed. 

7. The type of curve developed on a large scale to the 
south is unlike that of tectonic folds. The curves take the 
form of anticlines, and these are simply squeezed flow-folds 
without complementary troughs or synclines. The anti- 
clines are separated from one another by thrust-planes- 
which are associated with intercalated drift (see sections. 


8. The rapid change in trend of the chalk ridges leads 
to the formation of a peculiar type of topography found 
elsewhere in glaciated districts (see map, fig. 2). 

It follows, therefore, that the whole of the Moen chalk, 
with perhaps the exception of that forming the base ot the 
Slotsgavlene “core,” is not in situ, but has been trauspoited 
and re-arranged as now seen. Tire source ol origin ol l lit 
chalk was no doubt a local outcrop, and as shown later one 
or more zones of chalk have been involved. 

On the other hand, Bonnet was strongly ot tin 
opinion that the chalk was in situ, a view naturally ii 
accordance with his hypothesis that the distui bant t s \w h 
post-Cretaceous and ot preglucial date (hi, pp- •-‘-1 -)■ 


V. Detailed Description of the Sections. 
(i) Types of Material involved in the Disturbances 
(a) The Chalk. 


X. XJUULO JUAWUViiu* ^ * . I 

re-arranged chalk, some of which has certainly been derived 

from the zone of B. mucronata. 

2. The shattered chalk of Slotsgavlene suggests prox- 
imity to the original outcrop. , 

'y uM '• „ ,,'ohalk "/fkroughout shows great variations m 



THE STRUCTURE OF THE 


texture. In places it is brecciated, 
rubbly, marly, shattered, slicken-sided, 
in others homogeneous. 

4. The bedding in places is so ex- 
tremely fine as to suggest rearranged 
chalk paste, or pipeclay (fig. 3). 

5. The larger curves in the chalk 
are all of the same type, resembling 
the distortion of the fundamental 
“ flow-form” of viscous bodies (fig. 1). 

6. True tectonic folds on a small 
scale occur usually in the lower parts 
of the sections. 

7. Faults of three types occur: 

(a) Large faults due to the set- 

tling down of the deposits. 

(b) Smaller faults associated 

with small tectonic folds. 

(c) Fault -like fissures on the 

leeward side of Dronnin- 
gestol. Other fissures oc- 
curring inland have been 
described by Puggaakd. 

8. Much of the chalk is outlined 
above and below by drift, and these 
isolated masses of moulded chalk 
simulate in general appearance chalk 
erratics, the internal structure sug- 
gesting differential movements of the 
constituent layers of chalk. 

9. Paleontology. — The apparent 
rarity of fossils, with the exception 
of broken pieces of belemnites, is 
noteworthy. The chalk was ascribed 
by Bonnet to the zone of Belem- 
nitella muoronata, but is now believed 
to be Maestrichtian. ? Ostrea (Gry- 
vho&d) vesiculosus was found and identi- 
fied for me by Mr V. Hxntze. A 
specimen of a terebratulid was o > 
tamed from the chalk near the base 
of the cliffs, at the southern end of 
the Dronningestol. Lying on the 
ground close to this terebratulid was 
an almost perfect specimen of B. 
. vn'nst.ta. This m&v have been 
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( e „ved torn draft higher up the cliff, but cannot have travelled far fron, where il dropped 
According to Dr bAHNi this terebratulid is OUtwimlhyri, (I1V, •*,»,«„, 1™,.. and il.; 
presence is oi considerable interest; it suggests the derivation of the chalk from different 
horizons ot the undisturbed outcrop, for 1. km is of Danian age, whereas 11 . m.urornm is 
confined to lower beds. 


(b) The Drift. 

Sections in the drift are invariably obscured by slips. This material occurs as a rule 
m narrow Y-shaped ravines especially in the south. The central area consists lar-mlv of 
drift, filling a chalk basin. 

if. 


36. 


Fig. 3. — Gukkenchulefald. 

I. Extremely line-bedded chalk. 2 and 2'. Dark grey s toneless drift clay. High steep-sided wooded ravine above the 

section at 2. Height of section about 20 feet. 

The succession of drift to the south near the lighthouse is as follows (5, pp. 390-1):— 

5. Stratified sands and gravel with occasionally large erratic blocks 40-100 feet . 

4. Unstratified yellow sandy clay, with pebbles and angular Scandinavian* erratics. 

40 feet. 

3. Unstratified blue clay or till, small pebbles and fragments of Scandinavian * rocks. 
20 feet. 

2. Stratified loam and sand with shells. 5 feet. 

1. Chalk with a breccia of broken chalk Hints. 

The same succession of drift is marked by 1 ’ugoaaud as reappearing in the V-shaped 
ravines notably in the south, the order of arrangement being transgressed by thrust-planes in 
only a few cases. 

Mr Hintze, on the other hand, regards the succession of drift in the narrow drift-filled 
ravines in the south, and I believe elsewhere, to consist of two boulder clays with intercalated 
clay and sand, these beds apparently corresponding to Nos. 3 and 1 above. 

This interpretation of the succession is as follows: — 

5. Chalk with rubble and breccia thrust-plane. 

^ Erratics are' also very plentiful in the Island of Kugen, many of which have been derived from East Sweden and Mid-Baltic 
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4 Upper boulder clay, sandy in most cases with brown Hints. 

-a »* «* <-«* ***..« - 

Puogaaed). 

L'plln of the thrust-plane r.atrve «-» 3&B 

that owing to the extensive shps I was only ah e to , d* 


ol^roIvrderloeArfi'lt 0 "^ otA V- slla ped la vi,r« xva S see.a irr hh B 

S0Ut l“ "T tarn 'the se^ornttaTthe drift primarily moMf with the disturbed 
,4mlk consists chiefly o£ the lower boulder clay associated with mac, »»» •*’'* . 

^ differentiating 

tvunr lower boulder clay (2), and Mr Hints*) also experienced the same diihoulty 

part of Zl, one can appreciate and explain the evidence set out by Bonnbt on p. 323 ol 

hlS eonieUme^had'the'opport unity of examining iron, the beach a continimus^waU oi 

chalk beneath one ot the apparently infolded or infaulted masses of drift, and we were miab 

to detect in it the slightest sign of rupture or displacement. 0 Hde-nkne and 

The upper surface of the included boulder clay has acted as a a n < *> 1 ’ jft 

this ohne clearly transgresses drifts of various levels in some ot the sections. This dn 
shows signs of pressure and has been planed off into wedge-shaped masses in zones o git 

pressure- (see iig. 1, Nos. 8, 9, and 12). 

(ii) Sections in the Northern Part of Meens Klinl. Slotsgavlene and the Taleren. 

(a) The Slotsgavlene "‘Core.” 

The section described us llie Slotsgavlene “core” is the lower l»t of the chcJk of, M 
area numbered 03 to 67 in the sections of Puggaard, 1851 (3). Here the • ■ v > 
brmaated in flic lower part, and this crushed chalk is overlain on the southern side by ' 8^ 
dipping chalk associated with bands of Hints, this again being overlain by glacial clays 

sands mostly masked by talus. .lkfnrbed chalk at 

Taken as a whole, the “core” bears a striking resemblance to the distanced i 

Rovsfou Hertfordshire, in England. Traced northwards, the chalk begins to d p < ■ _ 

iiorlhunll b ibuilly replaced by! coverb, g mantle of drift. The important feature e» m the 
low angle ol the drift-covered surface of the chalk, which marks a thrust plane, - 8 

V, 6 i ng in striking contrast to the almost vertical thrust-planes of the Taleren.; 

The absence ot detailed evidence in the cliffs between the “core and ne a er 
expla ilied ' on" the view that the apparent talus-slope is really the strike of a m 

solid chalk, due to a pressure from the east. The deceptive appearance ot TP _ 
dopes was referred to by Evku, 1837. The north-south trend ot a marked slope o chalk oi 
• ^ seawards is one of features of the northern sec ion.., 

alone being a^ocarfed with pronounced thrust- . 


Bonney also regar 



ill 
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(b) The Geological Structure of the Taleren. 

The remarkable sections of the picturesque bluffs known as the Taleren have 
been an object of interest to geologists (8, Puggaard’s section, Nos. 54 to 59). 

The coast-sections between Nos. 54 to 59 may be regarded as a zone of thrust- 
the chief characteristics of which are as follows : — 

1. Movement in two directions, i.e., one approximately parallel to the coast, arid tl 
in a direction at right angles to the coast. 

2. The presence of well-marked thrust-planes between the chalk and intercalate 
the thrust-planes having a high inclination, much greater than the one described a 
eavlene. Other intercalations of drift are shown in the section of Store Taler, am 
show a lower angle of inclination. 

The Y-shaped notches in the chalk occupied by (he drift exhibit sections at righ 
to the coast-section, and these sections have often been figured. The relationshi] 
chalk to the drift along the steeply inclined thrust-planes is clearly shown. II: he sigr. 
of the curves developed in the chalk of Store Taler lies in their exhibition of the asymi 
curve characteristic of flow-movement, and suggests differential movement of im 
layers of chalk. A comparison of both lines of sections proves that (in- chalk tormii 
and Lille Taler is a mere shell of chalk lying on a bank of drift, and ! hat » he st rike of tl 
is approximately in a direction parallel to the coast, hence dominant pressure at tl 
has been towards the west. 

This line of strike coincides roughly with the apparent talus-slope of Slotsgavlei 
viewing the evidence as a whole, we appear to have the following connected sequence o 
The formation of the Slotsgavlene “core,” and the heaping up of masses of chalk and 
the iceward limb of that “core,” ultimately leading to the production of what may be d 
as the Taleren-horst with the progressive rise in dip of the thrust-planes. Against t 
the subsequently formed beds of chalk have been “folded,” and this is shown in tb 
developed in the Nylandsnakke Bluff (Nos. 49, 50). The gentle dip of the chalk ov< 
drift towards the ravine (4<S) limits the area of dominant disturbance in the north, 
ports the view that the structure in this part of -Mucus Klint forms an independent i 

its own sequence of events. ... . , ... 

The relationship of the chalk to the drift in this ravine adjoining N, via rids 

obscure. _ . ,, 

The general principles of structure associated with the Slot *ga\ lone core at 

shown in Puggaard’s section, 1851. 


(iii) Section* in flic Southern Port of Meiett* Klmt. 

( a ) The Dronnimjextul “Massif” (Nos. 2b to 84 of Ft m-aako's section). 

The chief characteristics of the Broun ingest ot “Massil are as lollow-o— 

1 The bluff has a specialised structure. It is composed of an aggregate ut individual 

masses of disturbed chalk, each associated with thin strips of drift, . 

2. The chalk forming the northern and southern limbs oi the "massif dips m opposite 

dmadion^ Qr ioeward gide of the “ massif" is flunked by beds displaying signs of 

great pressure. , . 
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4 The leeward or protected flank suggests sliding and faulting. 

s' sections and the dosvmvard slope of the Dronningestol btaS mland suggest 

that the structure has the form of an elongated dome. 

The beautiful detailed structure shown by PuGgaard (3, section Nos. 26-36) was only 
seen by me in the cliffs adjoining the seashore, but this structure tits m wita Itjggaard s 

Stl-U Reomxl’ef ‘afan important unit of structure the “massif ” is a “core,” but of a type unlike 
that of "the Slotsgavlene, the nucleus in this case being composed of squeezed, folded, and 
faulted chalk and not a brecciated outcrop. The enquiry then arises as to whe her such a 
‘■‘core ” exists and is hidden bv later-moulded chalk. The view that the core in this place is 
composed of intensely squeezed chalk appears nearest the truth and the one most capable of 

demonstration. That such “ cores” have been formed by ice haS , ^ ^on&loA 
in the case of the contorted London clay of the disturbed deposits ol Messrs Bolton L Co. s 

bUL '^The ^exceptionally * large structure forming the Dronningestol is a “massif,” which has 
obviously acted as a horst to the subsequently formed, squeezed zone of anticlines to the 
south The portion of the cliffs between the Sommerspir, which marks the northern limit of 
the best-developed anticlines, and the southern flank of the Donmngestol is now largely 
obscure except hr the lower part near the shore-line This portion as 
section (Nos. 20-26) shows a development of faulted folds and crushed chalk, an , I 
extension of this structure is also shown in Puggaard’s section. , d 

That the portion of the cliffs between Sommerspir and Dronningestol has been subje . 
to exceptional pressure cannot therefore be doubted. The arrangement of the drift -relative 
to the chalk in a section at right angles to the direction of the shore-line at Freuchens I ynt 
appears to be a drift-filled shallow basin of chalk sloping towards the sea. 





(b) The Zone of Anticlines and Thrust-planes (fig. 1). 

between Hundefangs Klint and Sommerspir, there is a rernaik- 
eparated from each other by thrust-planes associate 
jartly shown in fig. 1. The relative sizes of those anti- 
show a general squeezing-in when traced from south 
axis of a fold to the periphery the general thickness 
The boulder clay on the north side of each of the V-shaped 
rently evenly on the chalk, whereas on the other hand 
always marked by a well-developed thrust-plane. There is also 
of the drift towards the lower parts of the clefts.. Some of 
i, others apparently not visible in 1851 are 

well displayed at the present time. Sommerspir marks the commencement of the breaking-up 
of the anticlines; it also marks the point of a slight change in the direction of thrust, as 
shown in the strike of the chalk below sea-level. The remarkable structure of the compressed 

■ s of anticlines raises a most important point in structure. It has already been note . ia j 

relative position of the lower boulder clay and chalk on the northern sides of the narrow 
i aLli. l. * i A . * , ,1L a i\fm nirlft.: tfl Vimmrlo/I tw n. thrnst-nlane. 


To the south of the area 
able development of seven a 
with drift deposits in Y-shap 
dines do not vary greatly, 
to north. Measured from tl 
of the beds in each is almost 200 feet 
clefts is always lower boulder clay resting appar 
the southern side of the clefts is 
good evidence for a pinching-in 
the thrust-planes have been inserted by Puggaarb 
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ice-movement as follows. Thick layers of chalky englacial material with drift above were 
gradually inclined owing to obstruction to movement. The curves and structure assumed 
are well shown in Puggaard’s drawing of Dronningestol. 

Eventually a fracture occurred and took the form of a curved thrust-plane; the upper 
surface of the drift flanking the curve formed a suitable plane of movement. This process 
was repeated seven times. The angles of inclination of the thrust-planes decrease towards 
the south and the anticlines also become less developed. 

The crushed anticlines are therefore distorted flow-overfolds. The ravines with drift 
are therefore not complementary troughs to anticlines, and hence the structures are not true 
folds. 

The commencement of this zone is shown in fig. 1. 

The peculiar forms assumed by the curves in the various chalk overfolds are paralleled 
in the forms assumed by ice under pressure, and similar forms have already been recorded in 
the Mud Butte Area of Alberta, Canada (24). 

Hence the development of such forms, so unlike ordinary tectonic structure, could only 
be possible if the chalk involved were in the form of comparatively thin intercalated lentieles. 
These lentieles have become recemented by chalk paste. Further proofs of this view, however, 
will he given when dealing with the structure on the leeward side of the Dronningestol *' massif/’ 

I believe that the Cromer coast-sections afford a complete confirmation of this view. 

The gradual variation of and decrease in the angles of inclination of the thrust-planes 
from Sommerspir southwards follows as a natural result of the variations in the amount of 
pressure. 

The zone of the seven anticlines is obviously the last stage in the structure, lliere has 
been little or no transportation of the crest of one anticline over that of the one immedia te!} 
to the north of it. On the other hand the Dronningestol “massif shows clearly that such 
transportation has occurred from the iceward to the leeward side. \\ here then was the source 
of origin of these chalk masses? They can only have been derived from the compressed zone 
between the Sommerspir and the Dronningestol, but prior to the formation of the zone of 
anticlines. The form of the individual masses of chalk bounded by drift as shown in I it- 
gaard’s section indicates that these masses are portions of folded chalk only, and the broken 
structure in the area mentioned suggests this as the source of origin : t his crushed zone km } 
formed the buttress against which the later chalk was compressed, whilst Sommerspir formed 
the sigmoid curve of this mass. This view also explains the difficulty of the arrangement ol 
the drift on the iceward flank of the Dronningestol, and also the change ol strike ot the chalk 
at Sommerspir. It also supports the view that this part, is of great structural importance. 

Traced inland, all the chalk-bluffs of this area decrease in size and apparent !y t he ra\ mes 
narrow seawards and widen inland, reminding one of the pinched-iti zom > m i n I 1 '" 11 
(Hadleigh Boad) Area, and the development of elongated domes and spoon-shaped basins. 


(c) The Structure of the Leeward Side of the Dronningestol (see PruiuAun s sect ion, Nos. M). 

The chalk and drift which show a definite connection with the structure ol the i 
gestol extend for a much smaller distance on the leeward side than t uii on n u < ssau 
northern side. These beds show well-marked characteristics - 

1. They dip downwards to the south (approximately), and also increasingly rise westwards 

when traced towards the north. 
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2. The angles of dip decrease progressively when traced from south to north. 

8 The amount of drift increases away from the Dronningestol , and the disturbances 
decrease in amount also towards the central basin. 

The structure drawn in 1925 differs somewhat from that of 1851, for I saw no sign of the 
faulted faces of chalk (Nos. 40, 48, 44). The large curve of Puggaard (No. 37) was only partly 
exposed this year and reminded me of the extremely small curve of similar form seen in the 
section at Clavdon Chalk Pit, Suffolk (22). 

This section, fig. 3, on the immediate flank of Dronningestol adjoining Forchiiammer’s 
Pynt deserves special mention (Nos. 86, 37, 38 Gukkenchulefald, and Plate I). There we have 
a 'section of about the average thickness of the overfolds already mentioned, bounded north 
and south by drift. At spot 36 the drift is tongue-shaped near the shore, at spot 38 the drift 
is slightly arched over and forms part of that filling an almost vertical cleft. This section 
therefore forms the base of the diapyre curve just mentioned, and the drift is shown in detail 
by Puggaard. 

The very beautiful structure shown by the finely banded chalk (fig. 8) is unlike that 
seen by me in any other part of the cliffs and suggests a remoulding of chalk paste, and the 
type of downward-flow movement illustrated experimentally by Professor T\ . J. Sollas 
(12) and B. C. Case (11). The tendency seen in the Ipswich (railway line) sections (28), for 
masses of Crag to become gradually isolated into moulded individual lenticles on the leeward 
side of the “core,” suggests that there has been the same tendency in the chalk of this area. 
Such masses may reasonably be associated with “ faults.’ The Ipswich sections also show 
the breaking-up into drawn-out lenticles of such masses under the influence of' pressure, when 
approaching the ic e war d side of the next “core.’ - The masses of chalk forming the Taleien were 
probably deposited at the same period as the initial stages of the formation of the Dronningestol 
“ massif.” The ice-theory would explain “faulting” on the leeward side as being due to 
crevasses. Other faults are obviously due to cracks, due to the settling-down of the masses of 
chalk. 


Y I. Directions of Pressure and Movement. 

The topography of the map (fig. 2) is very suggestive, but as this paper only deals with 
the coast-sections, the discussion of many of the most interesting points in the general area 
must perforce be omitted. 

The following are the chief features which have special reference to the coast-sections: 

1. The west-north-' west-east-south-east trend of the higher ground (chalk) of the zone 
of anticlines in the south. 





I 


SHI 


2. The north-east-south-west trend of the higher ground (chalk) in the Slotsgavlene or 
northern area. 

3. The elongation of the topographic features of the high ground north of the central 
basin and south of the Taleren, the main direction being approximately north -north- west 
and south-south-east or approximately at right angles to the direction of (2). 


structure are as follows : — 
imately towards the north-east, 
ds the west, the lesser pressure being 
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very unusual scale. They bear no relationship to 

2. There are two centres of disturbance, one 
associated with definite structure. 

3. The whole of the chalk has been transport 
Slotsgavlene “core,” which appears to be a breed 
by drift. The Dronningestol “core” appears to 1: 

4. The building-up of the structure o\ ei the n 
about the same time as the construction of the Dr 
finally prevented any further passage of chalk o\ 

5. The zone of anticlines was built up last of a 
the dominant products were boulder clay and sai 
filled in the central basin and any other inequalit 

in the general topography. 

6. The principles of structure enunciated I 
applicable to the Moen area, where the structure, 

7. The additional evidences obtained irom . 
zone of anticlines. There are seven anticlines as 
in the Ipswich area there is only one, on the li- 
the seven anticlines have been moulded from u-i 
surmounted by englacial drift. 

This evidence forms the “coping-stone 
associated with ice-action ai._ 
to lateral pressure. 

Finally, it should be said Diat 

as to the structure ass. 
evidence is to he seen in 
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_ for the view lluil thD U- i" 

,ud~ funda mentally different from ordinary 

uw • a, cortttin amount ol evidem-s i.~ la 

isociated with the initial and final «bagos u! t 
the Lonstrup sections, and will be described i 
LV PART II (NO. 12). 
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XIII. — The Disturbed Glacial Deposits in the Neighbourhood of Lonstrup, near Hj0mng, 
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(it) • Section between Brede • Berule and 

Stensnres . : y . ■ . 

(Hi) Section between Rubjerg Knude Fyr and 
Brede lietnle . . . ' . ■. 

(iv) Section between Maarup Kirke and Eiibjerg 
Knude- Fyr ..... 

(•»)■ Section between Dei idle BJaa and. Maimijv 
Kirke , 


[[[. Resume of the History of the Investigation of 
Disturbed Drift- deposits in Denmark 

IV. Method of Work ..... 

V. Lithology . ...... 

VI. s T RATIO R A PHICAL SUCCESSION 

VII. Detailed Description of the Sections. . 

(i) Order of Description of the Sections . 


In the neighbourhood of Lonstrup the monotony 01 me country is reu«yuu uy i 
hills, the one, a little inland, is known as Veunebjerg, the other, known as Rubjerg 
lies some 2 miles to the south-west and is dissected by the coast-line, the apex of t 
being marked by a lighthouse. These two adjacent hills formed islands in the Yofdia 
The coast-line has a uniform north-east, south-west trend, and cliffs occur from l.t 
to Lokken in the south-west, a. distance of between 7 or 8 miles, the cliff-scenery being ge 

similar to that of the Norfolk coast near Cx omei . 

The stretch of coast characterised by disturbances of a particular type only extern 
Det lille Blaa (near Lonstrup) to Stensnres in the south-west, a distance of 2| miles, hi 
this strip of coast which forms the subject-matter of the present paper. 1 he centre 
portion of the cliffs and the highest ground is marked by the lighthouse hence those c 
more correctly described as the Rubjerg Knude Cliffs. The height ol the lull i* com., 
increased by an accumulation of blown sand which unfortunately masks the surface g 
Unlike many other cliffs, there are no important indentations or buildings on the a 
and but few marked topographical features, rendering the identification of particular \ 

of the cliffs a matter of some difficulty. . v r ' 

A few of the more striking features of the Rubjerg Knude cliffs are as follows 

1 The hill has been dissected by the sea along a median longitudinal line. 

2. The section shows the whole of the disturbed zone, and the initiation, deveic 
and termination of disturbances of a particular 
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3. All the disturbed deposits have a uniform direction of dip, which is approximately to 

fVip north-east. or nortli"iiortli"BBiSt. * i j v 

4. The section is at right angles to the general strike, hence there are few serious landslips. 

5. The disturbed deposits consist entirely of glacial clays and sands. 

II. Literature. 

The literature dealing with these sections is comparatively small : 

1 John strop in 1882 published a comprehensive work on the geological conditions 

in the northern part of Vendsyssel (1). . 

2. In 1899 the Danish Geological Survey published a short account of the sections, illus- 
trated bv a small plate of sections (2). . J 

3 In 1916 State-Geologist Axel Jessen published a preliminary account on the is- 
locations in Lonstrup Klint, illustrated by a few photographs and one diagram- 
matic sketch (8). This paper also contains a useful summary of the history of 
the investigation of disturbed deposits in Denmark, a rdsume of which will he given. 

Unlike the Cromer area, the Lonstrup district has not yet been the subject of a special 
memoir by the Danish Geological Survey, and this may account for the general, it not entir >, 
neglect of the sections in British glacial literature. This is to be regretted as they have an 
important bearing on the question of the glacial conditions of the North Sea during Pleistocene 
times This is a subject on which there has been much speculation, the evidence m support 
TZ theories having been derived almost entirely from the study of British coastal 

drift-deposits. 

(I) 1882. Johnstrue, F„ Universitetsprogram, Kjebenhavn, “ Om de geologiske Forhold i den nordlige Del af 

Vendsyssel. n , 

/on 1899 Jessen A., Danmarks geol. Under s 0 gelse ) 1 Rsekke, Nr. 3, Kjcbeniiavn. < ,, 

3 ml. Jessen, A., Danmarks geol Understgelse, 4 Rsekke, Bd. i, Nr. 4, “ Om Dislokataonerne i Lnnstrup Klmt. 

(4) 1916. Madsen, V., Danmarks geol. UndersHgelse, 4 Raekke, Bd. i, Nr. 2, “ Ristmge Klmt. 

(5) 1875. Goodchild, J. G., Quart. Journ. Geol. Soc., vol. xxxi, pp. 55-99. 

(61 1907. Slater, G., and Miss Nina Layard, Proc. Geol. Assoc., vol. xx, pp. 186-192. _ _ 

(7) 1911. Berkey, C. F., and J. E. Hyde, Journ. Geol, vol. xix, pp. 223-231. (“The Original Ice btructures 

preserved in Unconsolidated Sands.”) . , AT , , 

(8) 1923 Slater, George, Rep. Brit. Assoc., Liverpool, pp. 445-446. (“ Observations on the Nordenskiold and 

Neighbouring Glaciers of Spitsbergen.”) Abstract. _ . x ^ h _ 

(9) 1925. Slater, George, Journ. Geol, vol. xxxiii, pp. 408-446. (“ Observations on the Nordenskiold an g - 

bourine Glaciers of Spitsbergen.”) , _ , A1 , , 

(10) 1927. Slater, George, Bull Geol. Soc. Am. (“ The Structure of the Tit Hills and Mud Buttes of Alberta, 

Canada.”) In the Press. 

(II) 1898. Garwood, E. J., and J. W. Gregory, Quart. Journ. Geol. Soc., vol. liv, pp. 197-227. 

III. Resume oe the History of the Investigation op Disturbed Drift-deposits 

in Denmark. 


(a) P. Johnstrup in 1882 (1) was a keen believer in the ice-theory, and attributed the 
disturbances to the horizontal pressure of the Scandinavian ice. A 
as follows: — 


A few of his conclusions are 

JP UU UAAU UUJuA/JVAAVUIJ. — 

as follows :- 

1. The dislocations are superficial, and are entirely a surface phenomenon of ice. 

2. The uniform direction of dip is in accordance with the direction of movement of the 
ice-sheet. 
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3. The isolated and inclined clay layers were formerly joined together in the undisturbed 

areas. 

4. An apparent succession could be traced at Maarup Kirke and compared with that in 

the more disturbed portions of the cliffs. 

5. Variations in the structure and angles of dip of the beds in various parts of the cliffs 

were noted. 

These conclusions are eminently sound and can easily be verified in the sections accom- 
panying the present paper or seen at present in the cliffs. 

(b) A. Jessen in 1899 (2) took exception to the ice-theory and attributed the disturbances 
to earth-movements in the form of huge slips. His main objection to the ice-theory appears 
to be that there is no sign of differential pressure. This statement, however, will be shown to 
be incorrect. Jessen’s theory also fails to account for the thrust-planes which are one of the 
commonest features of the sections. 

(c) In 1916, Dr V. Madsen, Director of the Danish Geological Survey, examined the 
sections of Ristinge Klint, which are of the same type as those near Lenstrup (4). 

Dr Madsen proved that the undersides of a “fatty clay” formed thrust-planes leading 
to the formation of a “fish-scale” structure due to the gliding of beds of different lithology 
the one over the other, the clay acting as a lubricating grease. This movement was proved 
to be superficial and led to the planing of portions of the beds into wedge-shaped masses. The 
direction of dips of the beds also agreed with that required by the movement of the ice, and 
hence Dr Madsen came to the conclusion that the structure was due to ice- and not to earth- 
movements. 

(d) In 1913-14 Dr V. Madsen investigated the Regie Klint. Here the same character- 
istics occurred as before, but with this difference, that “the bed-sequence at a single spot fell 
against each other.” This apparently means the beds were faulted? In any case, it led to 
the view that the structure was due to earth-movements. With a view to obtaining further 
evidence on this point the next investigation was made. 

(e) In 1915 Dr V. Madsen and his colleagues investigated the Lonstrup sections, and a 
preliminary report was issued in 1916 under the authorship of A. Jessen (3). 

This preliminary report deals mainly with particular points of structure, and the con- 
clusion arrived at as a result of this investigation may be translated as follows: — 

“Without regarding the question as solved, v r e have obtained from our examination 
the definite impression that the dislocations in Lonstrup Klint cannot be due to ice- 
pressure.” 

Mr Axel Jessen, who accompanied me during a preliminary traverse of the cliffs, made 
it quite clear that there was still no settled opinion amongst Danish geologists as to the genesis 
of the structure. 

The views of Forchhammer and V. Hintze on the theory of the structure of Moens Klint 
are omitted as they have already been mentioned in the previous paper. 

The trend of Danish opinion attributing the disturbances to earth-movements appears 
to be due to the influence of certain German geologists who have examined the analogous 
disturbances in the Island of Rugen. It will be shown that this view of the genesis of the 
structure is illogical and untenable. The failure to appreciate the work of the American 
glaciologists in Greenland towards the close of the nineteenth century appears to me the chief 
reason for the lack of support of the ice-theory by some workers in Denmark during the last 
quarter of a century. 
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IY. Method of Work. 

The preliminary traverse convinced me that the only way to solve the difficulty was to 
draw le whole of the disturbed sections to a uniform scale “^entmne^ ^ % 
nrevious work I used was the plate of sections published m 18J9 (2), which sho p 
only of thl cliffs. These were utilised for obtaining the heights of the cliffs at various places. 
Elsewhere the heights of my sections are approximate, but as the variations m height are 
comparatively small the amount of error cannot be serious in scale a^dopteffi The.^ 
of the cliffs were measured from Lenstrup Brook to near Nvonn . . a- * 

the chffs however, between Lonstrup Brook and Det lille B aa, m the north, and between 
Stensnces and Yvonnet Bende in the south are not considered m this paper, as the sections 
sotted embrace aU the important points of structure of the 

(Plate I), if placed end to end, give a complete representation of the disturbances, 
numbering below the drawings enables easy reference to particular parts of the cliffs, whi 
the detailed notes on the sections themselves render lengthy description unnecessary. . 

In this paper I have introduced theoretical considerations with the detailed descriptions 
of the sections. This course appeared advisable for several reasons: 

1 It clarifies the description and enables the reader to obtain a ready grip of the structure. 

2*. The analogy between the structure and that seen in arrested glaciers can be clearly 

demonstrated. . ■ . . , , , , 

3. It spares the reader from having to re-examine the sections m detail, as would be the 

case if the theoretical treatment had been reserved until the end of the paper. 


Y. Lithology. 

The beds in the disturbed zone belong to two lithological series clay and sand. 

(a) The “ Diluvial Clay .”— The clay is very fine in texture, pale grey in colour, and stone- 
less In some parts of the cliffs it is homogeneous and imperfectly bedded, in others, the clay 
is beautifully bedded and intercalated with sand. I obtained a specimen of Macoma (or 
Arcovagia) at the point 3200 feet from Det lille Blaa (Plate I). As with the sand, there is 
proof of: movement en masse, and elsewhere of differential movement within the mass. 

(b) The “Diluvial Sand.”— The sand is fine-grained and silky to the touch, and contains 
plant remains. The original water-bedding is often preserved, proving that the sand has 
been transported as a cake, but in certain parts of the cliffs this has been replaced by the 
development of secondary structures due to differential movement of the constituent layers 
in the sand, a phenomenon of great interest. It is very difficult, however, to determine where 
one type of bedding terminates and the other begins. The types of structures developed in 
ice under the influence of stress are yery imperfectly known. The structures seen in the 
ice of Branz Josef glacier, New Zealand, for example, if preserved in sand, after the slow 
melting out of the interstitial ice, would delude almost any geologist into believing that it was 
simply false bedding. I have drawn the attention of geological friends to a similar structure 
in the fine-grained sands of the Cromer coast, and they unhesitatingly attributed the structure 
to water-action. The abnormal angle of gradient, however, appeared to me to favour the view 
that it was due to ice-action associated with the development of numerous thrust-planes of 
the type I have described in the imbricate structure of the Sven glacier of Spitsbergen (9).. 

On the other hand, the beautiful structures developed in the sands when associated with 
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major thrust-planes are obviously of secondary origin and due to ice-pressure on frozen masses, 
the structure being the result of tangential thrust. 

The original ice-structures preserved in unconsolidated sands in America have been 
described by G. F. Berkey and J. E. Hyde (7). 


YI. Stratigraphical Succession. 

The sand and clay are intimately associated with one another and form a “sand-clay” 
unit ; a pair of such deposits is repeated again and again throughout the disturbed zone. An 
examination of the junctions of the beds shows that in a sand-clay unit, the sand rests con- 
formably on the clay, but the upper surface of the sand is transgressed by the under surface 
of the succeeding “fatty-clay,” the plane of junction being a thrust-plane. This relative 
order leads to the assumption that the disturbed beds forming a unit have been removed 
together as one “cake,” transported, and often redeposited in their relatively original positions. 
Hence the original stratigraphical succession is as follows: — 


2. “Diluvial” sand (above), or Glacial sands, with plant remains in places (L of Plate I). 

1. “Diluvial” clay (below), or Glacial clay without stones (K of Plate I). 

Unfortunately this cannot be completely verified in the undisturbed area owing to the removal 
of the upper part of the succession. The undisturbed outcrop of the diluvial clay occurs to 
the north between Det lille Blaa, and Grotten Point, and the upper surface of the clay forms 
a long low curve, but there is no sign of any diluvial sand, the clay being overlain by later 
glacial deposits. Hence the assumption appears warranted that a portion of the upper clay 
together with the diluvial sand has been removed from this part, and redeposited farther to 
the south-south- west. 

Other points in the stratigraphy may he summarised as follows : — 


1. Recent borings prove that there is a considerable thickness of drift-deposits beneath 

the diluvial clay and below sea-level, and that these beds rest on the chalk. 

2. The iEldre Yoldia clay (interglacial) has been exposed on the Lonstrup shore ; this 

bed occurs immediately beneath the diluvial clay, and was formerly exposed at 
Det lille Blaa. 

3. Flanking the disturbed deposits at each end of the disturbed zone are later glacial 

deposits consisting chiefly of sandy boulder clay with what I regard as glacio- 
fluvial sands and gravels. 

4. Lying unconformably on the edges of the upturned disturbed beds, towards the north 

and south, are the Saxicava and Yoldia deposits. These deposits thin out towards 
the apex of the hill near the Rubjerg Knude Lighthouse, hence the statement 


that the hill was an island in a Yoldia sea. 


VII. Detailed Description of the Sections. 

(i) Order of Description of the Sections. 

In describing the sections the order adopted will be to follow the structure from the south- 
south- west towards the north-north-east, that is in the reverse direction to that of the direction 
of the movement which caused the disturbances. 

The distinctive type of structure developed in the disturbed zone ceases near Stensnoes 
in the south-south- west. More strictly speaking, the distinctive type referred to is replaced 
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by structures much less pronounced, including a development of low anticlines and synclines, 
suggesting domes and basins, in the district near Yvonnet Rende. 

Hence the description of the sections commences near the place marked as Martorv 
Bakker (at 12,600 feet). 

The advantages of adopting the order of description above are twofold : 

1. It enables the relationship between cause and effect to be clearly followed. 

2. It is the only method of demonstrating the cumulative effects of directed, concentrated 

pressure. 

(ii) Section between Brede Rende and Stensnoes (Plate I and II, figs. 1 and 2). 

(a) The Initiation of the Disturbances. — The section at Martorv Bakker is the key to the 
whole of the structure of the disturbed zone to the north-east. Hence the description of the 
sections will commence at the point 12,600; the part of Plate I to the south-west (12,600- 
14,400) will be described later. At the point mentioned (12,600), Plate II, fig. 1, slightly 
inclined beds of clay and sand abruptly cease, and against the steep face is a deposit of pale- 
grey sandy boulder clay. With the exception of the dip of the beds of clay and sand the 
section recalls those described in the railway sections of the Hadleigh Road Area (6). There 
is no proof whatever of the fault suggested by Mr A. Jessen. The abrupt termination of the 
clay-sand deposits also recalls that seen in the Mud Butte sections of Alberta (10). Still more 
significant, however, is the analogy of the structure with that seen in the dirt-filled ice forming 
the terminations of all the stagnant glaciers of Spitsbergen, Greenland, and New Zealand. 
The analogy is so close as to strongly suggest that the structure here seen is that of the stagnant 
end of an overloaded ice-sheet, in which the melting back of the glacier has been arrested, and 
the structure has been preserved by the blanketing of boulder clay. Hence the englacial 
layers have been preserved in their relatively original positions by the slow melting out of the 
interstitial ice. 

I have shown in the case of the Nordenskiold glacier of Spitsbergen that the melting 
of the ice face bears a direct relationship to the air-temperature, when unprotected (8 and 9). 
But ice faces smothered with debris are also common in glaciers all the world over. 

Again in the Sven glacier I have shown that the stagnant end of a glacier acts as an 
obstruction to the movement of the ice over a considerable area, and induces the development 
of a beautiful series of thrust-planes; moreover, that these thrust-planes have various angles 
of inclination (9). Professor E. J. Garwood has also proved that this phenomenon is associated 
with the layers of englacial material in Spitsbergen (11, Plate xiii), and Professor T. 0. 
Chamberlin * has illustrated the same point in the case of Greenland glaciers. 

Now in these Banish sections we have exactly the same type of structure. For example, 
we may note the beautiful thrust-plane at spot 11,800, and the intense crumpling and con- 
tortion of the beds with which it is associated. This structure clearly demonstrates the 
passage of moving beds against and over an obstruction. 

(b) The Horst (11,000-11,600).- — Here we have a mass of clay intercalated with drawn- 
out lentieles of sand and associated with disturbed deposits, the iceward side of the clay forming 
the sigmoid curve. 

This structure clearly points to greatly increased pressure. The question arises as to 
' what has caused this hanking of clay out of all proportion to the amount of sand. The answer 
is given by an examination of the section (9600-11,000). At spot 10,600 there is a packing 

* See Literature in paper on M^en. 
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of di awn-out and broken fragments of clay in a matrix of sand, whilst farther to the north- 
east sand predominates but is associated with drawn-out layers of clay. 

The explanation is simple. The whole consisted of interbedded bands of clay and sand 
in the form of englacial layers experiencing differential movement. The clay from its nature 
moved easily, the sand with difficulty, and in consequence the clay was drawn out and con- 
centrated more and more to form the mass which ultimately became the banked-up and 
immobile horst . 

The horst therefore marks a zone of directed and concentrated pressure. Some of the 
material flanking the north-eastern face of the horst must have passed over the crest prior 
to the deposition of the boulder clay at 12,600, but the stagnant end, judging from the structure, 
could only have been melted back a few hundred feet, before being protected by its mantle 
of boulder clay. Such a view would account for the material deposited at Stensnces. The 
absence of thrust-planes indicates a lessening of pressure towards the end of this section, in 
the neighbourhood of Brede Bende. 

It has already been mentioned that in certain parts of the disturbed area the order of 
superposition of the units of “clay and sand” could be clearly seen. It is noteworthy that 
in this portion of Plate I all such relationship has been destroyed. Deposits which have 
elsewhere apparently moved as a whole have here been drawn out and separated, as a result 
of moving differentially in the form of individual layers. 

Before leaving this part of the area, reference may again be made to the sigmoid curve 
of the horst. The direction of the included lenticles proves an upward motion in the region 
of the cuive, and recalls the sections near Ipswich where the initiation of the sigmoid curve 
and its development -were considered. 

(c) The Stensnces Deposits. (Plate II and Plate I, at 14,000). These deposits may be 
divided into two series : 

2. Gravel and sand. 

1. Contorted loamy leaf-bearing sands. 

The Gravel and Sand — This deposit is of interest as it is a typical water-sorted gravel of 
morainic type intimately associated with the overlying deposit of boulder clay. Fragments 
of shells are common, some of these on the talus-slope being identified by Professor 
A. M. Davies as Astarte sp. and Macoma sp. 

Loamy Sands . — It has already been suggested that these are transported deposits and 
prior to the deposit of gravel and boulder clay. 

They are chiefly remarkable for the contortions developed. These are regarded by 
Mr A. Jessbn as undoubtedly caused by ice. 

For some time, however, I was prepared to ascribe the contortions to the slipping of the 
loamy material down an incline during the settling down of the mass. J. G. Goodchild over 
fifty years ago drew attention to contortions in glacial clays apparently due to such move- 
ment (5). The contortions at Stensnoes, however, are similar to those developed in the 
supposed Yarve clays of New South Wales of Carboniferous age. 

It is noteworthy that the Stensnces deposits are deposited on the leeward side of the 
thrust-zone, and hence were subjected to tensional action during a downward movement, 
and pressure phenomena when being carried up the inclined plane where they now rest. Such 
movements would be sufficient to contort the beds, and would also explain the peculiarity 
in type of the contortions. Some amount of slipping during settlement must also have 
occurred. 
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(iii) Section between Rubjerg Knude Byr and Bvede Rende (1 late I). 

(a) The Zone of Thrust-planes.— The type of structure seen at Brede Bende in Plate I 
continues up to the point 8800. From this point to the north-eastern end, that is up to 
Rubjerg Knude, the beds have definite characteristics which are repeatedly reproduced. 
The chief features of the structure are as follows: — 

1. This section of the cliffs may be described as a zone of thrust-planes. 

•2. The larger thrust-planes have a gradually increasing angle of inclination when traced 
towards the north-east. 

3. The succession between the clay and sand may be traced between Sondre Stenstue 

Rende 7600 to Rubjerg Knude Fyr 4900. 

4. Beautifully bedded clays occur at four' places and at approximately equal distances 

(see spots 7900, 6900, 5900, 4900). 

5. The isolated slabs of clay are of about equal sizes in several cases. 

6. The structure in the zone of thrust-planes begins with the formation of a horst associated 

with the finest thrust-plane in the area (see spot 8200), and this horst has a sigmoid 
curve at 7600 in the cliffs called Sondre Stenstue Rende, recalling some of the 
points of structure near Martorv Bakker in Plate I. 

7. A.t 8400 there is a thrust-plane in the sand, suggesting the entire squeezing out or 

removal of the intercalated clay (seen at spots 8400-8600). 

8. There is a localised development of structure between 7200 and 7600, that is, against 

the iceward side of the sigmoid curve at Sondre Stenstue Rende. 

9. The upper limits of the isolated slabs of clay generally possess a wedge-shape, due to 

the shaving off of the upper part of the clay during movement and to friction 
below. 

10. The thrust-planes are marked by straight lines in order to show the general angle 

of dip. They all partake of the form of a sigmoid curve, however, the curve 
flattening above and below, recalling the form of the thrust-planes in the Mud 
Butte Area (10). 

11. Some of the clay masses show foliated structure characteristic of differential move- 

ment (see spots 6550, 6200, 5400, 5100, 4900). 

12. The bedding of the sand beneath the thrust-planes may be either transgressed (as 

at spot 6800), or the sands may be generally contorted (5700-5800) or the upper 
part only of the sand disturbed (5800). 

(b) Theoretical Suggestions and Considerations. — The greater development of the sand 
to the S.W. in the Brede Rende area, even after taking into consideration the leaching process 
already described in Plate I, coupled with the absence of a stratigraphical succession, can be 
readily understood on the theory that the earlier stages of ice-erosion took place in the 
diluvial sand. As portions of the sand were removed, the later stages of ice-erosion involved 
the incorporation of the basal layers of the diluvial sand, with the upper portion of the under- 
lying diluvial clay. This recalls and is suggested by the fact that such action occurs and has 
been described for the Crag and London clay in the Ipswich Area.* Hence the structure 
shows repeated inversion of the succession, due to tangential thrust. 

The isolated masses of clay and sand may be regarded as having been all derived from the 
same horizon approximately, sheets of transported material having been subsequently divided 

* See Literature in paper on M0en* 
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up into the numerous isolated and inclined masses now seen in the cliffs, dissected by thrust- 
planes. 

(iv) Section between Maarup Kirke and Bubjerg Knude Fyr (Plate I). 

The Zone o f Compressed Anticlines and the Stortorn Subsidiary Horst.— The section (Plate I) 
shows the most complicated structure in the whole of the disturbed zone, and I am extremely 
glad that I visited the Moens Klint area before examining the Lonstrup sections, as the former 
(zone of anticlines) gives the clue to the latter. The main points of structure may be sum- 
marised as follows : — 

1. A horst occurs to the south-west, composed of flow-overfolds in clay and associated 

with thrust-planes (4400-4800). 

2. The increase in the amount of dip of the thrust-planes continues and culminates in 

an almost vertical face (sigmoid curve at 4800). This point divides the zone of 
compressed anticlines from the zone of thrust-planes. The structure of the horst 
reminds one of that seen on the iceward side of the Dronningestol massif of Moens 
Klint. 

8. From the point 4800 to the north-east end of Plate I (Maarup Kirke) the angles of 
inclination of the thrust-planes gradually decrease. 

4. From 1800 to Maarup Kirke, the structure resembles that of the zone of thrust-planes 

(Plate I). 

5. The zone of compressed anticlines is best developed between 1400-8500. In this 

section there are four anticlines, each containing a central core, these are: 
1400-1600, 2100-2400, 2600-2900, and 3000-3400. 

6. The junction between the clay and sand at spot 2400 is noteworthy. Here the line 

of thrust occurs between the upper surface of the clay and the sand above, that 
is, in the reverse position to the normal one, and therefore produced from an 
anticlinal structure (see dotted lines) of the flow-overfold type. 

7 . The thicknesses of the sand on either side of a squeezed clay core correspond closely, 

cf. spots 2700 and 2900, and 2100 and 2400. 

8. The amount of compression decreases towards the north-east. At 1500 the core of 

the anticline is peculiar, and not at all like part of a tectonic fold. The structure 
is due to flow-movement, and this accounts for the change in character of the clay 
above on the two limbs, the one on the exposed side (1400) being compressed 
and showing wavy bedding, the other limb on the leewardside being composed 
of opened-out layers of clay and sand of a peculiar shape and structure. 

9. The Stortorn mass of clay formed a subsidiary horst against which the beds in the zone 

of anticlines were compressed. In general structure it is not unlike the horst 
at Sendre Stenstue Bende (Plate I) except the fact that clay predominates. The 
core of the Stortorn horst, however, is composed of the underlying iEldre Yoldia 
clay, this being the only outcrop of that deposit. The beautifully contorted sands 
between the two adjacent horsts (3800-4300) simulate the broken overfolds of 
Marterv Bakker. 

The zone of squeezed anticlines represents a zone of greatly increased but localised pressure. 
The imperfectly preserved structure between the two horsts has the same characteristic as 
on the iceward side of the Dronningestol up to the Sommerspir, and the dying down of the 

anticlines away from the centres of greatest compression is similar to that of Moens Klint. 
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In both areas also the anticlines are separated fiom one anothei b^ thrust-planes, and the 
roots of the structure are hidden from view. 

(v) Section between Det Mile Blaa and Maarup Kirke (Plate I). 

This section may be divided into two parts : 

(a) A disturbed part towards the south-west, between Grotten Point and Maarup Kirke. 

(b) An undisturbed part between Grotten Point and Det Idle Blaa to the north-east. 

(a) The termination of the disturbances is seen at Grotten Point. This portion 

was also the last to be moulded by glacial action. A fine section of the 
sands associated with streaky clay was seen near Maarup Kirke landslip 
near 3600, at the big hollow marked on the section. All the intercalated 
clay suggests differential movement of the various layers of clay and sand. 

The last phase of ice-action is shown by the deposition of boulder clay (G). 

(b) The undisturbed part towards the north-east shows the arch of diluvial clay 

overlain on the leeward side by a little boulder clay and later beds, but 
on the iceward side by glacio-fluvial sand. The diluvial sand and the 
upper part of the diluvial clay, as already suggested, have been entirely 
removed. Hence the top of the clay is a constructional form. Its 
“greasy,” “fatty” surface has formed a major thrust-plane over which 
the material was transported. 

How far the bare surface of diluvial clay extends, denuded of its overmantle of diluvial 
sands, can only be ascertained by borings. 

The cessation of the disturbances at Grotten Point was due to the cessation of the supply 
of material. That is, that the removal of material from the floor of the ice had a definite limit, 
and this limit we know from other disturbed areas is determined by the formation of definite 
gradients, resulting in a plane of movement, over which material transported from much 
farther afield could readily move. 

VIII. Summary. 

1. The structure of the disturbed deposits of the Lonstrup coast is due entirely to ice- 

action, and has no connection with earth-movements. 

2. The deposits represent the final positions of englacial material after the melting of the 

interstitial ice. 

3. The type of structure is analogous to that seen in decaying Arctic glaciers, and is due 

to the arresting of movement of the frontal part of an overloaded ice-sheet. 

4. The structure has been built up in the reverse direction to the line of movement. 

5. The “fish-scale” structure represents the formation of gradients under the influence 

of tangential pressure. 

6. The extent of the disturbances has been influenced by the following factors : — 

(1) Suitability of material. 

(2) The supply of material. 

(3) The size of the ice-sheet. 

7. The new topographical feature took the form of a dome-shaped lenticular hill, of 

drumloid outline. 
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8. The 'variation in strike cannot be seen in this area as in others, owing to absence of 

sections, and the surface mantle of blown sand. 

9. The sections fall into three divisions each characterised by particular structures: 

(1) Towards the south-south-west, a dominance of sand and but few thrust- 

planes. 

(2) A central zone of thrust-planes. 

(3) Towards the north-north-east a zone of squeezed anticlines associated with 

thrust-planes. 

In (1) the stratigraphical succession is lost. 

In (2) it is generally preserved. 

In (3) it may be seen both in a normal and also in an inverted position. 

10. Overthrust of beds occurs repeatedly along thrust-planes, but is especially marked 

in the central zone. 

.11. The strike of the beds varies only a little in the whole length of the sections. 

12. The inclined beds have a constant direction of dip to the north-north-east or north- 

east approximately. 

13. The direction of dip agrees with that resulting from a movement from the north- 

north-east towards the south-south- west, and this was the direction of movement 
of the ice-sheet. 

14. The disturbances are local and superficial, and appear to be bounded by the 100-foot 

contour. 

15. The Lonstrup sections have many points of structure similar to that of the disturbed 

deposits of the Mud Buttes of Alberta, 

16. The sections may be regarded as classical examples of a particular type of glacial 

tectonics; this type I have called “the stagnant-glacier tyjie.” 

17. The isolated masses of clay and sand may be regarded as portions of a once continuous 

horizontal deposit. This material was incorporated as sheets in the ice and 
subsequently split up into something like sixty isolated combined units of “sand 
and clay.” 

In conclusion I beg to express my grateful thanks to the University of London for a grant 
from the Dixon Fund for the purpose of carrying out this investigation. 

I am also indebted to Dr V. Madsen, Director of the Danish Geological Survey, for much 
kindness, and for advising me to visit these classical sections. 

To Mrs H. Dewey I am indebted for the translation of Danish literature, and to State- 
Geologist Axel Jessen for conducting me during a preliminary traverse of the sections, as well 
as for making arrangements for my stay at Lonstrup. 

To Professor W. W. Watts, F.E.S., I am more than grateful for giving me facilities for 
the working out of the results, at the Geological Department of the Imperial College of Science 
and Technology, South Kensington, London. 
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EXPLANATION OF PLATES. 

Plate I. 

Section between Det liile Blaa and Maarup Kirke. 

Undisturbed diluvial clay forming a mound, the crest of wbicb occurs at 1300. At this point the 
overlying boulder clay also commences. Diluvial sand is absent. 

Glacio-fluvial sand above diluvial clay. 

Grotten Point marks the commencement of the disturbances. 

Commencement of disturbed diluvial sands with associated lenticles of diluvial clay. Gradual rise 
of tbe overlying boulder clay wbicb tbins out towards tbe S.S.W. 

Tbe upper surface of tbe undisturbed diluvial clay, which dips below tbe shore-line at Grotten Point, 
is regarded as a movement plane, over which tbe disturbed beds bave been transported as 
incorporated englacial material. Grotten Point is regarded as the last phase and final product 
in tbe sequence of disturbed phenomena. 

Section between Maarup Kirke and Rub j erg Knude Eyr. 

0-1300. Diluvial sand associated with wedge-shaped masses of diluvial clay. 

Tbe sand-bedding follows concordantly with the clay below, but its upper surface is transgressed by 
tbe overlying clay, the line of junction being marked by a thrust-plane. 

1300-1600. Tbe first squeezed anticline bounded by thrust-planes. The clay differs in structure on tbe two 
limbs under tbe influence of pressure on the inward side and tension on tbe leeward side. The 
anticline is in tbe nature of a compressed £C flow-overfold. 55 
2200-2300. Moserende. Tbe “core” of tbe second well-marked anticline. The structure shows inversion of 
tbe succession. 

2800. Tbe “core” of tbe third squeezed anticline. 

2900. Beautifully rippled sand associated with contortion, in tbe neighbourhood of a thrust-plane. 
3200-3400. Anticline, but structure only partially shown. 

3500-4000. Stortorn. A massive bluff of stiff -bedded clay which acted as a “horst” and led to the initiation 
of the zone of squeezed anticlines. iEldre Yoldia clay below ; slips common. 

4000-4300. Contorted sands squeezed against clays. 

4300. Thrust-plane and position of sigmoid curve. 

4300-4800. Clay flow- overfolds wbicb formed a “horst” against wbicb tbe sands were squeezed. 


Feet. 

' 0-2400. 

0 - 1100 . 

2800-2900. 

3500. 


Section between Rub j erg Knude Eyr and Brede Rende. 
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“The Zone of Thrust-Planes .” 1 

(Blown sand on tbe top of tbe cliffs omitted.) 

5100. Double thrust-plane. Tbe clays show contortion. 

5800. Contorted sands. 

5900. Bedded, clays, also seen at 4900 and 6900. 

7300—7600. Five clay bands with associated sands. These suggest that they represent isolated 
continuous clay-sand” unit which was subsequently divided along thrust-p: 
glaciers. The inclination. of the thrust-planes is relative to that of the sigmoid 
constructed “horst” 7600-8200. 

8200. Very well-marked thrust-plane, between bedded clays and bedded sands. These sa 
where the original water bedding of the sands, which has to some extent been pr 
point, is now largely destroyed and replaced by a new bedding due to c 
Ay . movement. 


becoming almost 
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Very fine thrust-plane. The beds forming the sole of the thrust assume a honeycombed structure of 
clay with galls of sand and in places simulate augen structure. 

Martorv Bakker. 

Initiation of the disturbances. The steep face at 12,600 represents the melted-out bands of englacial 
material in the stagnant front of an overloaded ice-sheet. The immobility of this part of the 
ice-sheet initiated the disturbances. 

Stensnoes. Sands and gravels with shingle resembling morainic material. Worn specimens of 
Astarte and Macoma were obtained from the talus-slope. 

Transported and contorted fine loamy sands with plant remains. 

Plate II. 

Fig. 1. Section near Martorv Bakker, at the point marked 12,600 in Plate I. 

Slightly inclined beds of clay and sand end abruptly, and against the steep face is a deposit of pale grey sandy 
boulder clay. This point marks the initiation of the types of disturbance described in the paper. 

The structure of the inclined beds of clay and sand is analogous to that developed in the lower englacial material, 
at the stagnant end of a decaying glacier of Arctic type. 

Fig. 2. Section near Stensnoes at the point marked 14,000 in Plate I. 

Contorted loamy leaf-bearing sands which pass laterally upwards into water-sorted gravel and sand of morainic 
type. Worn specimens of Astarte sp. and Macoma sp. were fairly plentiful in the latter deposit. 


11,800-12,100. 

12,100-12,600. 

13,500-14,000. 

14,000-14,100. 
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I. Introduction. 

Middle and Lower Deeside lie within the belt of injection and high-temperature meta- 
morphism made famous by the pioneer researches of Mr Georoe Barrow. In this paper 
are recorded the results obtained from a study of Cromar, an area small enough to admit of 
detailed petrographical treatment and yet large enough to exhibit a considerable variety of 
igneous and metamorphic phenomena. Of the three great phases of igneous activity there 
displayed, one is older than the epoch of maximum crustal movements, the second is closely 
connected with these, and the third is later; the rocks of each period have their own quite 
definite chemical, petrographical, and geological characteristics. Whilst here most attention 
will be directed towards the second group, that associated with the movements, an account 
of the other two groups will be given adequate for a discussion of the full igneous history of 
the area. 

The district examined in detail is shown in fig. 1 . It is made up of a group of rough hills 
lying between Tarland and the Biver Dee. The ground is on the whole well exposed; large 
bare glaciated surfaces enable the various complexes to be studied with ease. 

Of previous-researches de.aling in particular with the Cromar area there are none. It 
was briefly described by L. W. Hinxman [29, p. 11] * in the Geological Survey Memoir, 
“ Central Aberdeenshire,” of 1890. Mr Hinxman drew attention to the injection-phenomena 
seen at Queen’s Hill, and to the west: these he connected with the Coull granite. On the 
one-inch Geological Survey map, Sheet 66 (Banchory), 1897, the majority of the injec.tipn- 

* figures within square brackets refer to the Bibliography at the end of the paper. 
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rocks described in this paper are called “granitic gneiss.” The Cromar area is placed by 
G. Barrow [9] within his “sillimanite aureole” in the map illustrating his paper “On the 
Geology of Lower Deeside, etc.,” but it has not been further described by him. 

IT. The Sedimentary Schists. 


The succession and structure of the Highland Schists of Middle Deeside are a subject for 





a separate investigation, but a few remarks applicable to Cromar will be given here. Within 
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Over by far the greater part of its outcrop th 

in varying degrees with material of magmatic oric' 6 ( j Uartzite and mica-schist group is mixed 
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Almost all the more micaceous rocks of this 
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of the writer’s conclusions, the account of these rocks is placed in an appendix to the descrip- 
tion of the main complex (pp. 8B8-342). 

III. The Greenstone Series. 

At many localities in Cromar there occur sheet- or sill-like bodies of hornblendic rocks that 
represent a series of basic igneous rocks older than the metamorphic period. Such rocks 
may conveniently be called the Greenstone Series; they are, of course, the local representatives 
of the Basic Older Igneous Bocks of the Geological Survey. In Cromar, hornblendic rocks 
can be seen especially well on the bare Craig Dim ridge, and smaller exposures are found on 
Balnagowan Hill, Tomachallich, Balnaeraig (south of Craigie), and on the south face of Scar 
Hill (see fig. 1, p. 318). It is a difficult matter to find even a small mass of these rocks that is 
not mixed with intrusive acid igneous material belonging to the injection-period described in 
the next section, but it is reasonable to believe that the hornblendic parent of these complexes 
differed originally in no respect from members of this Series lying outside the Cromar area. 

Slices have been cut from rocks which show no apparent admixture with later igneous 
material. In hand-specimens the coarser rocks are dark green and highly crystalline: in 
slice they are seen to be composed of a granoblastic association of labradorite and hornblende. 
The felspar is clear: the amphibole has a pale yellow, h deep brown green, c deep green or 
bluish green. Occasionally a colourless or pale.green clinopyroxene is present in small amount. 
In the fine-grained rocks, the amphibole occurs in prismatic crystals of varying sizes, the smaller 
being enclosed in the felspar plates. 

Since in Cromar the Greenstone Series is almost everywhere intimately mixed with later 
igneous material, it is necessary to go beyond that area to gather data bearing upon the original 
character of this series. In the Dalradian region, basic igneous activity anterior to the meta- 
morphism manifests itself either as sill- or sheet-like minor intrusions or as lavas. Pyroclastic 
rocks belonging to this series may possibly be represented by parts of the Green Beds. 

The minor intrusions — the Basic Older Igneous Rocks of the Geological Survey — have 
been described in detail in most of the Survey Memoirs dealing with the Dalradian region 
[36]. They form sills or sheets often extending along the strike for great distances; now 
almost everywhere composed of amphibolites, epidiorites, or hornblende-schists, they exhibit 
their original character in certain favoured localities, as at Portsoy (Banffshire), where the 
parent rock of the thicker sills is seen to be normal gabbro, with rarer enstatite-gabbro 
[41, pp. 91-2]. At Portsoy, as elsewhere in the Dalradian region, serpentines and other 
ultrabasic types accompany the basic sills; the complementary felspathic pole of the 
differentiation from gabbro is shown at Portsoy by a small anorthosite body [41, p. 97]. 

Whilst, so far, as is known, the parent rocks of the Greenstone Series in most of the Dal- 
radian region show little departure from the normal gabbro or doleritic type, yet the lavas 
and associated intrusions of pre-metamorphism age in the Tayvallich (Argyllshire) district 
- display distinct spilitic characters. Sir John Flett [20, pp. 50-5; 21, pp. 84—95] has described 
spilites, with rare soda-felsite, keratophyre, and soda-granite-porphyry from Tayvallich. 
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IY. The Injection Complex. 

The second phase of igneous action in Cromar was radically different, both in mode 
of occurrence and type of rocks, from that just described. It reveals itself in a complex 
of varied nature resulting from the intimate admixture of acid igneous materials with the 
sedimentary and igneous rocks of earlier date. That this injection was closely associ- 
ated with the metamorphic period seems indicated by certain considerations dealt with 
later (p. 347). 

The injection complex may be simply divided into two parts, the one having the siliceous 
and pelitic sediments as its country-rock, the other having the igneous rocks of the Greenstone 
Series. The first will be called the Biotitic Complex, the second the Hornhlendic Complex. 

A. The Biotitic Complex. 

Reference has already been made to the difficulties of interpretation of the group of the 
oligoclase-porphyroblast-schists. This group may be regarded as either (1) normal sedimentary 
schists, or (2) normal sedimentary schists modified by injection-processes and injection- 
metamorphism. It can be either part of the country-rock or part of the complex. The 
writer is of the tentative opinion, from the available local evidence and from comparative 
studies (pp. 339 - 342 ), that the oligoclase-porphyroblast-schists are more likely to be part of the 
injection complex than unmodified sedimentary schists; they are accordingly described as an 
appendix to the Biotitic Complex. 

Concerning the injection-rocks proper of the Biotitic Complex there is fortunately no doubt. 
It is convenient, therefore, to describe these first. 

Injection-rocks. — The term injection-rock is here applied to the products arising from 
the injection of igneous material into country-rock. Such rocks can, from the nature of their 
origin, vary from those possessing dominant country-rock characters to those with dominant 
igneous characters; they include, likewise, rocks in which the. intrusive igneous and country- 
rock components are readily separable, and rocks in which a more intimate mixture— chemical 
rather than mechanical — has taken place. 

Field Occurrence . — A traverse from Craig Ferrar northwards to Craig Dhu and Scar 
Hill displays very clearly the character of the biotitic injection-rocks. On Craig Ferrar, 
magnificent exposures show a very variable complex. Lit-par-lit injection of a coarse kind 
is well developed and, besides, irregular masses of a mafic-poor coarse aplitic rock are common. 
Everywhere there is much pegmatite and quartz veining. Narrow belts of sediment persist 
for short distances until they become broken up into xenolithic complexes by the ramification 
of igneous veins. These sedimentary relics are seen to have been felspathic quartzites and mica- 
schists like those outside the complex. 

Essentially similar phenomena are encountered on the craggy hill, Tomachallich. There 
is here considerable lit-par-lit injection, but at the summit the complex is dominantly xeno- 
lithic. In parts of the hill, soaking by igneous juices has followed certain belts of the invaded 
rock, leaving thin siliceous films unsoaked. Here again the main xenoliths, as now preserved, 
are of felspathic quartzite, but there are also many wisps of argillaceous biotite-hornfels. The 
xenoliths of banded and of schistose sediments lie at all angles in the magmatic matrix. In 
almost all cases the length of the xenolith coincides with the banding or schistosity. Usually, 
the longest axes of the xenoliths are oriented in a direction roughly agreeing with the fluxions 
or fits of the enclosing magmatic rock which are, in turn, in accord with the regional strike as 
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indicated by the top of the Deeside Limestone. In any exposure of more than a few yards 
area, however, it is apparent that the longer axes of xenoliths and therefore their respective 
bandings or schistosities, are not strictly parallel one with another. As an example there is 
on Tomachallich a block of about 3 feet cube m which are seen seven xenoliths, the largest 
1 foot 6 inches in length; in no two cases were the directions 0 i foliation oi banding of the 
xenoliths parallel, whilst in three adjacent xenoliths they were seen to be all at right angles. 
Around these diversely oriented xenoliths the magmatic rock appears to flow m sinuous 

curves^ ^ gouth face of Tomachallich there are many huge aplitic and pegmatitie veins and 

blotches similar to those of Craig Ferrar. , . , 

Resuming our traverse northwards from Craig Ferrar we And somewhat poorly exposed 

on Chapel Hill (between Craig Ferrar and Craig Dhu) a dominantly xenolithic complex of 
biotite-rich granitic gneiss with enclaves of siliceous schist, together with less important 
areas of lit-par-lit injection and some few patches of soaked quartzite. 

Most of Craig Dhu consists of pegmatised hornblende-schist as described later on p. 343, 
but south of a small lochan on the summit ridge there is a narrow belt of siliceous and mica- 
ceous sediment lit-par-lit injected and permeated by mafic-poor magmatic rocks; xenolithic 
complexes are rare. On the northern slopes of the hill is seen much lit-par-lit injection into 

semi-pelitic biotite-schist stud felspaithic (ju&rtzite. ^ . . 

On Scar Hill excellent exposures are provided of fluxional biotite-rich igneous gneiss 
with abundant xenoliths. On the north face the igneous component is more micaceous, with 
layers very rich in biotite and with wavy films of the same mineral; here the injection is ht- 
par-lit rather than enclave-contact. Variation in amounts of biotite m adjacent layers gives 
the magmatic rock a conspicuous banding. There are innumerable cases of xenoliths with 
aood schistosity lying at all angles to one another and to the dominant fluxion of the igneous 
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component. 

The western slopes of Craigi© are 
from Mulloch; as 

complex in which the dominant magmatic part 
perfectly 

near the Pictish Camps, 
xenolithic complex is seen. A fence runs 
end 

Tillyhermack, 


these schists are traced eastwards they pass gradually into a xenoiitlnc 

is oligoclase-biotite-gneiss. This passage is 
exposed on the bare glaciated western slopes of Craigie. Farther to the north-west, 
a similar passage from oligoclase-porphyrohlast-schists into gneissic 
east and west over Scar Hill and forks at its western 
if one follows the north-north-western branch of this fork, which is directed towards 
’ , one can locate splendid exposures about a quarter of a mile from the forking. 
On the south’ the dominant feature is lit-par-lit injection, often taking' on an augened, streaky, 
or even nebulitic, form. Garnets are abundant; siliceous inclusions and beds are spattered 
with large garnets; pegmatitie patches and veins are conspicuously garnetiferous, whilst 
the main injection-rock, especially a layered dark-grey biotite-rich variety, is often rich m 
garnet. Farther north, the lit-par-lit injection-complex gives place to very massive crags 
of fluxional oligoclase-biotite-gneiss, occasionally with large orthoclase crystals. Streaks 
and films of biotite, pricked through by large porphyroblastic oligoclases, are of common 
occurrence. Northwards this biotite complex passes into the hornblendie complex described 
on p. 344. 

■ The fles^riptipn of the field occurrences will be completed by mention of exposures on 
Ralnagowan Hill that show a passage from sediments into oligoclase-biotite-gneiss through 
injection-rocks of types similar to those just described, and also of the occurrence of streaky 
oligoelase-biotite-gneisses south and east of Coull House. 
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origin lying between lits or streaks of pale igneous material: in the same hand-specimen it 
often happens that the rocks become more thoroughly mixed into a biotite-rich rock referred 
to as oligoclase-biotite-gneiss. 

To show the main features of these injection-rocks, a description is given of three thin 
sections which are figured in fig. 2. All three come from the same locality, the crags already 
mentioned between Scar Hill and Tillyhermaek. 

Specimen A. (fig . 2A ).— Two types of bands are clearly separable. The igneous hands 


A. Injection-rock. — An =*andalusite, Sh ^shimmer-aggregate, Bi =biotite. 

B. Injection-rock — -Association of garnet (Ga), sillimanit© (Si), andalusite (An), and biotite (Bi). 

G. I “Shimmer-aggregate (Sh), around sillimanite (Si), and garnet (Ga). Solid black is iron-oxide. 


Fig. 2, — Injection-rocks. 
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Petrography . — The Biotitie Complex may be described under half a dozen heads. 

1. Sedimentary Schists injected by Igneous Material. 

2. Orthoclase-oligoclase-biotite-gneisses. 

3. Oligoclase-biotite-gneiss. 

4. Xenoliths. 

5. Myrmekite and Shimmer-aggregates. 

6. Pegmatites. 

1. Sedimentary Schists injected by Igneous Material. 

The most important rocks of this group are those in which the host is pelitic* schist ; 
these are described in detail, whilst the nature of the siliceous sedimentary host may be judged 
from the descriptions of the xenoliths given later. 

In the rocks considered here there are dark blue wisps, bands, or streaks of sedimentary 
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The felspar is sieved with quartz pellets so as to produce a 
considerable amount of biotite and a few grains of garnet in 
covite blades occur within the felspars. The sedi- 
amer-aggregate [G. Barrow, 4, p. 840], andalusite, 
The biotite either forms patches of stout blades, 
finer blades mixed in with quartz 
small, colourless, irregular grains, 
Andalusite is, however, the most important 
usually arranged parallel to the run 
Only the central parts of the 
a magnificent shimmer-aggregate 
' ’ > cracks in the andalusites. 
semipelitic schist injected by irregular 
In thin section the following 


collections of very small grains 
kind of myrmekite. There is £ 
these bands. A few small pat( 
mentary bands are composed of 
garnet, and quartzo-felspathic material 
with the pleochroism of hornfels-biotxte, or else it occurs m 
and felspar with some colourless mica. Garnet is seen as 
as if formed by the separation of larger crystals 
mineral in these bands; it builds long prismatic crystals 
of the igneous bands; its pleochroism is a rose, b=r faint green 
large crystals are left, and these are always surrounded by 
of colourless mica in tiny blades, which also penetrates along the 
Specimen B. (fig . 2B).-The second specimen is as 
veins of igneous material carrying large garnets and biotites 

tan M a Larr : a7liti« g rains <>* basic oligoolase, Ab„An 23 , with scattered plates of biotite, 
Jhroie from pale yellow-brown to deep red-brown. There are a few rrregular patches 

of iron-oxide, very scarce quartz, and scattered silhmanite fibres. „ , 

(b) At the margin of band a there is a layer of very large biotites, followed by a zone of 
larJ leased plagioclases, stout biotite plates, and scattered silhmanite needles. Next come 
narrow felted streaks of sillimanite needles, biotite, and iron-ores, alterna mg wi - uoie- 

rthsioclase streaks with scattered sillimanite needles. 

S (c) The third band resembles band a, except that there are areas thickly scattered with 

biotite! Both aplitic bands show a very fine-grained shimmer-effect m their felspars. 

(d) This band consists of plagioclase, biotite, and sillimanite with spinel grains: silli- 

manite seems to border small andalusite prisms. . , „ 

(e) In this band, in other respects like the last, are large eyes (fig. 2B) composed of frag- 
ments of garnets between which are sillimanite and andalusite prisms (these two aluminium 
silicates being often in parallel growth), biotite flakes, green spinel, and doubtful cordierite 

Specimen G. (fig. 26').— This specimen is a dark hornfels injected by garnetiferous aplitic 
streaks. In slice it resembles that just described in detail. Noteworthy are large game s 
which appear as separated fragments. Cracks in the mam parts of the garnets are filled wit 
biotite: towards the edges of the garnets are numerous needles of sillimanite, whilst cracks and 
spaces between the outermost garnet fragments are filled with sillimanite and micas whic 
pass into a large mass of sillimanite and shimmer-aggregate. A garnet m an aplitic band 


^tchy shimmer-eltect by tne occur* 
are important in the discussion of 


%se-oligoclase-biotite-gne%sses. 

f show a good small-scale ai 
occur at the margin of the B 
k. Allied types are found or 
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In thin section, these rocks show orthoclase, oligoelase, myrmekite, quartz, and biotite. 
The potash-felspar forms large shapeless elongated grains and subhedra; it encloses euhedral 
oligoelase crystals and quartz grains; perthitic streaking is common, and a patchy micro- 
clinic twinning is occasionally seen. Oligoelase builds large lenses or subhedra. Quartz 
occurs in two ways, either in areas of large grains associated with large oligoclases or else in 
areas of tiny grains associated with tiny felspars and biotites. Myrmekite is abundant in large 
masses, often springing from the fine quartzo-felspathic layers and invading orthoclase (fig. 3B). 
Some micaceous quartzo-felspathic layers pass into myrmekite-like layers with a biotite 
backing (see p. 833). Biotite is present either as large plates with coarse quartz and felspar, or 


ABC 



I MM. 


Fig. 3. 

A. Oligoclase-porphyroblasi-schisL — Eyes of oligoelase in a base of quartz and biotite ; fractured garnet on left. 

B. ^orthoclase, OL^ollgoclase, .MY-»raynueklt0,^b'«reiie sedinaenta»ry. band. 

C. Suturing of quartz (Q) and felspar (F) in orthoclase-oligoclase-biotite-gneias. 

else as tiny plates in the fine-grained quartzo-felspathic streaks. The rock is thus formed of 
lenses of very coarse-grained felspar, quartz, and biotite, wrapped about by discontinuous 
felts of very tiny felspar, quartz, and biotite which presumably represent altered sedimentary 
material. Especially characteristic of these rocks is the wavy suturing (fig. 30) of quartz and 
felspar similar to that seen in certain granites and gneisses of Fennoscandia [31, p. 77]. 

The microaugen orthoclase-oligoelase-biotite-gneiss described above has been analysed; 
the result is given, with other analyses, in Table A, p. 326. 

An inspection of the analyses given in Table A shows the close chemical similarity between 
the Cromar rock and certain augen gneisses from Stavanger described by Y. M. Goldschmidt 
[24, pp. 91-9]. The Norwegian rocks are also microscopically very like the Scottish augen 
gneiss, as can be seen by a comparison of fig. SB of this paper with the figures given by 
Goldschmidt [c.g. 24, Pis. XI, XII, and XIII]. The Bru gneiss is considered by Goldschmidt 
[24, p. 115] to have been formed from the average phyllite by the addition of 34 per cent. 
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Augen Gneisses . 


66-52 

14-86 

1-92 

3-96 

0 - 67 

1 - 82 
3-29 
5-42 
0-95 
0-20 
trace 
055 
002 
0*02 
0*09 


Totals 


8 . Oligoclase-biotite-gneiss and Associated Types 

to be described are by far the dominant type in th< 
reiss is a biotite-rich granitic rock showing 
ugen structure, combined with a < 
tent . These structures are ; 
rike. These rocks show few or no 
, is always a shade of grey, light when biotite-poor, 


j a more or less wen-expresseu 
, coarser layering or streaking due to yaria- 
parallel with the lit-directions and, on the whole 
cataclastic structures. In colour, the oligO' 
dark when biotite-rich. 
ite-gneiss (fig. 4A), the component mineral 
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type: occasionally it builds smallish (? corroded) grains. Grains of myrmekite are often seen 
especially in or near certain fine-grained quartzo-felspatliic layers (see p. 332). Biotite, in 
almost uniaxial stout plates, wraps round the felspars or builds streaks of aggregated latbs: 
the pleochroism is pale-yellow to deep reddish-brown. 

Noteworthy components of the oligoclase-biotite-gneiss are sillimanite and garnet. Silli- 
manite occurs as colourless blades or prisms of normal optical characters: it is seen in three 
forms : (1) rare prisms enclosed in felspar and showing no shimmer-aggregate, (2) a few collec- 
tions of needles, and (3) by far the most abundantly in fragmental prisms or grains surrounded 
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1 - — = d . . < ■ - , 

Fig. 4. — Oligoclase-biotite-gneiss. 

A. Quartz (Q), oligoclase (F), and biotite (Bi) are the main constituents. Sillimanite (Si) and garnet (G a) surrounded by shimmer- 

aggregates. Solid black is iron-oxide. 

B. Sillimanite (Si) surrounded by shimmer-aggregates, and associated with biotite (Bi) and iron-oxide (solid black). 

0. Garnet (G a.) surrounded by shimmer- aggregate (Sh). Bi= biotite. 

by a broad shimmer-aggregate (fig. 4B). Garnet appears to occur in two forms, either as large 
pinkish crystals showing no shimmer-aggregate or as large crystals, broken, cracked, and 
separated, set in a mass of shimmer-aggregate and tailed with biotite (fig. 40). Borne large 
patches of shimmer-aggregate show only tiny relics of garnet. Biotite flakes occur in cracks 
in the garnet and amongst the shimmer-aggregate. The shimmer- aggregate consists of 
extremely fine colourless mica needles, and has in most cases a lenticular shape with a kernel 
of sillimanite or garnet. Occasionally, the shimmer-aggregate is seen to pass into stouter 
plates of colourless mica. In addition to these examples of shimmering, there are often 
patches and bands of extremely fine-grained shimmer-substance in the felspar, which in such 
cases shows corroded borders. 

In almost every slice of the oligoclase-biotite-gneiss there are noted streaks of fine- 
grained quartz-felspar mosaic which occasionally appears to have been reconstituted into a 
myrmekite-like intergrowth (see p. 382). In these areas, which are undoubtedly relics of the 
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often seen, and tliis mineral, associated with quartz, is common m 

ants of the oligoclase-biotite-gneiss, we may note that 
3 d on p. 823, pass into more homogeneous 
liotite. For instance, a slice cut from the 
escribed on p. 823 as Specimen A, shows 
rounded or lenticular oligoclases, quartz 

latches or streaks, 
big areas of quartz-felspar mosaic, often sub- 

'■ ' /wisps. , 

rock" midway between oligoclase-porphyroblast-sehist 
layered dark grey streaky rock made up of very large 
and streaks and patches of biotite. Iron-ore, 

“ ’ >ar more calcic than 
^ Dhu is a coarse augened 
•ystals of andesine (approximately Ab 60 An 40 ), 
■espects recalls the sedimentary 
Again, a slice of 
rock from Scar Hill 


country-rock, muscovite is 
certain streaks. 

Before passing on to consider varii 
when the igneous and sedimentary mix! 
magmatic types the resulting rocks are very rich in 
other end of the small specimen of injection-rock, c 
a homogeneous magmatic rock consisting of large 

areas, pale-yellow to red-brown biotite in large plates collected together into p 
small garnets, and large apatites. There are 1 • 

myrmekitic in form, suggesting partly reconstructed sedimem y p 

Another slice seems to be of a 
and oligoclase-biotite-gneiss. It is a 
lenticular oligoclases, areas of quartz grains 

apatite, zircon, and orthite are accessory. , 

Certain of the biotite-gneisses of this group contain a plagioclase felsp 
the dominant oligoclase. For instance, a rock from north of Craig — - 
rock composed of large subhedral or euhedral or 
biotite, and very scarce quartz. This rock, which m some r< 
calc-silicate mica-schists [25, p. 21; 43, p. 138] is undoubtedly magmatic 
fUp Tnaffmatic Dart of a xenolithic complex of pelitic schist and igneous 1 . 

is seen to be composed of acid labradorite (about Ab 50 An 50 ) in large fresh irreguar grams 
fitted together with quartz. In all cases the felspar is filled with inclusions of quartz m blebs 
and long 8 tubules: sometimes the quartz is in regular graphic forms. The drop-structure of 
the quartz-felspar is so fine that often it is difficult to determine the enclosed mineral: while 
quartz is the dominant drop, it is possible that a more alkalic felspar is sometimes mplude 
as drops within the labradorite. Biotite is abundant either as large plates, or as a senes o 
stoutish blades which, together with parallel layers of quartz, appear to indicate the original 
jS“s. Pink garnet is common enclosing biotite plates; some crystals are sohd 
euhedra, whilst others are broken up and the spaces filled with the quartz and biotite of the 
main part of the rock. Black iron-oxide, apatite, and zircon are accessory. 

The origin and significance of the quartz pellets in the labradorite are subjects of con- 
siderable interest. They are best interpreted, it appears, as being thrown ou of combat on 
during the change of a pre-existing more sodic plagioclase (the dominant plagioclase of th 
biotite-gneisses is oligoclase) into labradorite ; they are thus a form of myrmekite but resu 
not from the replacement of potash by soda and lime as m norma myrmekite (see p. 332). 
but by the relative increase of lime in the felspar substance. It will be shown later (p. 346, 
that in some cases the hornblende-schists within the complex are conspicuously biotxte-bearmg 
and it may be suggested that the presence of biotite indicates a transfer of potash into tin 
hornblende-schist. The passage of any hornblende into biotite sets free lime which is thei 
able to combine with the original felspar to increase the anorthite content, but there is n< 
evidence available from the labradorite-biotite-gneiss that this has happened, lurthei 
■ 1 the occurrence of quartz-blebbing in certain anorthite-hornblende-rocks apparently free iron 
biotite (p. 331) suggests that potash transfer is not operative in such cases. In the gneis 
under discussion it is difficult to decide, without detailed micrometric and optical study 
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Analyses of two typical oligoelase-biotite-gneisses are given in Table B. The rocks 
analysed are composed of quartz, oligoelase, and biotite, with fairly common garnet and 
bllimanite surrounded by shimmer-aggregates. 

Table B. 


Oligoelase-biotite-gneisses, etc. 



I. 

II. 

A. 

B. „ 

c. 

D. 


SiOo 

63-24 

66*30 

67*3 

62*41 

65*93 

71*36 

Si0 2 

AUO, 

17-27 

16-36 

15*3 

15-01 

16*52 

13*31 

A) 2 0 3 

FeoOj, 

1*50 

0-77 


1*56 

4*00 

0-99 

Fe 2 0 3 

Fe() ’ 

6*56 

6*12 

7*8 

5*39 

2*61 

3*36 

FeO 

MgO 

2*00 

1*84 

1*5 

2*74 

2*02 

0*87 

MgO 

Cab 

2*02 

1*90 

2*0 

2*88 

1*76 

2*85 

CaO 

Na,0 

2*43 

2-29 

3*9 

2-12 

2*50 

3*58 

Na*0 

k,6 

2*15 

2*58 

2*3 

3*09 

3*31 

2*26 

k 2 o 

HAH 

1*80 

i 0*92 


2*45 

^ 1*68 

0*45 

IUH 

h“o— I 

0*55 1 

0*45 1 


0*22 1 


0*25 

HgO — - 

CO, 

nil. 

nil. 


0*77 


■ ■■■ ■ 

OOg 

TiO, 

0*33 

0*30 


0*95 


0*34 

Ti0 2 

PA 

0*03 

0*07 

. . 

0*22 


0*21 

P 2 0 5 

s” 

0*05 

trace 


0*02 



s 

MnO 

0*15 

0*08 


0*06 


0*10 

MnO 

Totals 

100*08 

99-98 

(100*1) 

99*89 

100*33 

99*93 

Totals 

“0” 

7*3 

6*3 

(2-75) 

5*00 

(5-71) 

0*0 

“C ,; ^ 


I. Oligoclase-biotite-gneiss, Craigie, Diimet, Aberdeenshire. Anal, W. H. Herdsman. 

II. Oligoclase-biotite-gneiss, Craigie, Dinnet, Aberdeenshire. Anal, W. H. Herdsman. 

A. Granite with much Biotite, La Grande Carrifere, Dielette, Flamanville, France. Anal., A. Leclere [34, p. 4 ; 


Anal. B, p. 7], 

B. “ Basic Gneiss-granite Flateby-Wald, Nesodden, Oslo. Anal., 0. A. Broch [11, p. 99]. 

C. “ Mixed Bock” Metzdorf, Erzgebirge. Anal., R. Rexnisch [22, p. 354]. 

D. Oligodase-grauile, Orijarvi, Finland. Anal., P. Eskola [17, p. 41]. 

The analyses of the two oligoelase-biotite-gneisses from Dinnet are essentially alike. 
Their main features are the high alumina and high ferrous oxide, as is shown by comparison 
with the typical oligoclase-granite of Orijarvi, Finland (Analysis D). On the other hand, 
they are not markedly different from certain granitic rocks from continental complexes; 
for example, they resemble the analysis (A) of a granite from the Flamanville complex stated 
by Leclere to contain much biotite; again, they are closely comparable with an oligoclase- 
biotite-gneiss (Analysis B) from the Nesodden, Oslo, complex, and with an Erzgebirge mixed 
rock (Analysis 0) resulting from the injection of granitic material into pelitic sediment. These 
comparisons are considered later (p. 334), when the origin of the Cromar rocks is discussed. 

The exceptional chemical composition of these Dinnet oligoelase-biotite-gneisses, con- 
sidered as igneous rocks, can be best brought out by use of the corundum value in the norms, 
which expresses the excess alumina after satisfying the alkalies and lime for the production 
of felspars. The symbol for the rock of Analysis I is II.3(4).2.8, and of Analysis II is "H.3",2.8. 
The norm of Analysis I shows 7-3 per cent, corundum, of Analysis II, 6-3 per cent, 
corundum. In Washington’s Tables [51] there are 539 analyses of rocks belonging to the 
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otissic TObrangs of the domaltalic range of the order and class into which the unmet roons 
nd Of those adilcent to this order and class. In all cases except two, normative corundum 
sent, negligible, or small; the exceptions are, first a porphyry from La Crease ranee, 
corundum-745, concerning which Washington [51, p. 191] notes A1 2 0 3 high, and, 
d Tliausitz, Saxony, granite with corundnm=6-68. The normative corundum values 
=> rocks of Table B are shown as “ C ” beneath the analyses. 

Che high normative corundum value of the Dinnet rocks corresponds with the presence 
- actual rock of much biotite, a notable amount of silhmamte and of garnet, and of the 
rless sericitic mica of the shimmer-aggregates. After all the lime has been combined to 
the anorthite molecule and garnet, the alumina, iron-oxide, and magnesia are allocated 
dash to give biotite, thus reducing any potential potash-felspar; the excess of potash 
that required by the biotite is combined with the excess alumina to give muscovitic 
• go that no potash-felspar appears m the mode of these rocks {cj. I . Lskola [ t, p. ]). 


over i 
micas 


4. Xenoliths in the Biotitic Complex. 

the Biotitie Complex are siliceous in 
of blue hornfels; o 


The dominant xenoliths now seen m 

nelitic xenoliths are represented in most cases by mere wisps . . 

proves to be of an impure limestone. Many xenoliths are hornblendic and are basic igneous 

rocks caught up in the complex. These xenoliths are now described m order 

The siliceous xenoliths are of greasy-looking banded felspathic quartzites showing m 
thin slices sutured grains of quartz, streaks of small basic plagioclase grams, and colour ess 
to red-brown biotite as their main components. Garnet is common m small round grains, 
sphene, apatite, zircon, and magnetite are present in accessory amount. Hornblende pleo- 
chroic in pale shades of green and bluish-green, forms prismatic plates sieved by quartz and 
felspar: the amphibole is often intimately associated with felspar m certain bands. In one 
slice scapolite occurs towards the edges or along the twin-lamella of theieispar (fig. 5B). 
In addition to showing almost complete scapolitisation, the felspars are often filled with epidote 
grains; in some cases it appears as if the original felspathic bands are replaced by a mixture 

of hornblende, garnet, zoisite, epidote, and scapolite. ... 

Xenoliths of argillaceous rocks are difficult to extract from the complex, so that few slices 
are available. In one from Tomachallich, there are fragmental garnet and silhmamte (the 
latter in long prismatic shreds) lying in great masses .of shimmer-aggregate in which occur 
streaks of biotite. In some cases the garnets are chloritised, whilst the biotite is often totally 
destroyed to give chlorite and sagenite. Sericitised felspars are not common; there may be 
scarce new albite mixed with these. 

A slice from Craig Ferrar contains staurolite. The rock is very coarse: the mam part 
consists of large plates, with bands of smaller plates, of colourless mica and colourless to red- 
, brown biotite. The two micas are often intergrown. Staurolite occurs m large prisms 
' ../fig, 5A) abundant in certain layers: it appears to be streaked out into sillimanite films and 
lavers of vetv fine needles associated with pale mica. Magnetite and apatite are accessory. 
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A striking type of hornblendic xenolith is a pale-grey rock in slice seen to be a granoblastic 
sieved mixture of hornblende and anorthite. The amphibole forms prismatic grains or poikilo- 
blastic plates with a pale yellow, b green with a brown tinge, r green with a blue tinge ; it is 
sieved with felspar and quartz pellets. The felspar builds limpid water-clear grains, each one 
filled with pellets of quartz, sometimes in submyrmekitic fashion. Quartz occurs as pellets 
or tubules in felspar (fig. 50), or as pellets in hornblende. In one type of these hornblende- 
anorthite-rocks, biotite in scarce laths, with hornfels-biotite pleochroism, has been noted. In 
this rock, also, two forms of amphibole are found. The first type has a pale yellow, b=£ 
brown-green, and is un twinned; the second type is almost colourless and shows excellent 



— 
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Fig. 5. — Xenoliths in Oligoclase-biotite-gneiss. 

A. Pelitic Xenolith . Mi -mica, St -staurolite, Si -sillimanite (with some shimmer- aggregate). 

B. Siliceous Xenolith . Q -quartz, E — epidote, Sp — sphene, F —partly scapolitised felspar, solid black —iron-oxide. 

C. Hornblendic Xenolith, Ho -hornblende, between which are colourless grains of anorthite blebbed by quartz pellets. Solid black 

is iron-oxide. 

lamellar twinning. The two forms are intimately associated, a single crystal often showing 
both in different parts. The colourless hornblende is exactly like one described from the 
contaminated rock of Kinharrachie Type from Arnage, Aberdeenshire [42, p. 466]. In another 
specimen of these hornblende-anorthite-roeks, garnet occurs in large pink euhedra, sometimes 
so much sieved by the other components that mere skeletons of garnet substance are left: 
the scarce plagioclase is bytownite-anorthite. Some types of this group of xenoliths show 
large hornblende and basic plagioclase porphyroblasts lying in a very fine-grained ground 
mass of tiny hornblendes, scarce biotite, quartz grains, and magnetite. 

The .quartz-blebbed felspars of the first type of hornblendic xenoliths described in the 
preceding paragraph recall the similar features already mentioned in the labradorite-biotite- 
gneiss (p. 328). The hornblendic xenoliths showing quartz-blebbing in perfection are eom- 
osed of hornblende, anorthite, and quartz blebs; biotite is absent or extremely rare. The 
ation of the quartz blebs follows on a relative increase of lime in the felspar. Whether 
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. . , , lncjq n f soc i a from the felspar substance has not been determined, 

or not this means an actual loss taken up in the hornblende, 

but if this has occurred it rs possrble tha ^ “CrigJuy more sodie plagi- 

Similarly, if actual lime is lequire o P 1 hornblende of these blebbed rocks should 

oclase, it can be derived from the amphibole TheJmrnb^e o^ % howeyer> 

then be relatively richer m soda an po° re] - “ _ iong intQ ^ xeno lith be admitted, then 

the possibility of importation o ma ena _ myrmekitic replacement of potash- 

swc £;rr-: sr,-r- **— — 

the soda has been fixed by the amphibole ^ of thege xen oliths have 

Quartz-blebbed plagues maIg inal facies of a Swedish 

been described by B. As ^1- J , in a p i a gioclase-biotite-gneiss from Nesodden, 

SfC primarily dependent “ 

from hornblende by an in-p^tioa - 

constituents from the amphibole. In the C omar ease J s^ many xenolithB com . 

no biotite and a potash trans er seems m i ' . . hornblende and a small amount 

invoking a potash transfer. 

5. Myrmekite and Shimmer -aggregates. 

Tn the description of the Biotitic Complex many references have been made to myr- 
mekite and to shimmer-aggregates. It is proposed now to consider these two subjects in . 

““l , C 7^“rue and undoubted myrmekite is extremely abundant inJI. BmMc 
Complex (see pp. 825. 827), but there is a form of intergrowth of quartz and ‘ els P“ ™ 
rrftftrf mimics myrmekite This intergrowth is seen in the fine-grained quartzo-felspathic layers 

a-ss: jrs ~“= 

it invades orthoclase in cauliflower-shaped protuberances, and is base ei er upon g 

or on the fine-grained quartzo-felspathic stripes just considered (fig. SB, p. . ,, 

F Becke FIG pp. 134-401 has shown that myrmekite arises from a replacement of 
fl ^h in M -ielspars by. ida and lime, and states that it is lacking in rocks with true 
igneous structures and was formed immediately after consolidation when tlm tempcratui^was 
still near the consolidation temperature and solutions were active m the ro . • • 

hoem [49, pp. 127-9] has shown that in addition to the origin given by Bvcke, 
may be formed during strong cataclastic metamorphism; C. E. Tilley [50, pp. 88, J 
has recently described good examples of this metamorphic myrmekite. 

’ In the Oromar rocks, the myrmekite appears all to belong to the true myrmekite o 
' Becke, and to result from the action of soda- and lime-bearing solutions. It is important to 
feeaS that the otheu Scottish rocks carrying conspicuous m^mckite-the Mo<u Eannoch 
v l^zul recently described by tbe writer 1 4o^ n* 14y 3 • wk> P* 
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45, p. 68] show a well-marked fluxional structure. The common occurrence of myrmekite 
in the Cromar rocks springing from the fine quartzo-felspathic layers may indicate that these 
acted as channels along which the solutions passed, producing during their passage a recrystal- 
lisation of the bands into the myrmekite-like association already described. 

2. Shimmer-aggregates . — Thick coatings of fine-grained pale mica surrounding relics of 
the mineral replaced have been described and figured around andalusite, sillimanite, garnet, 
and staurolite, whether these minerals occur as probable xenocrysts or as parts of a xenolith. 
The shimmer-aggregates are so constant a feature of these rocks, and are so well developed, 
that it appears unlikely that they result from weathering processes. My friend, Mr A. G. 
MacGregor, who is studying the eontact-metamorphism around the Lochnagar Granite, 
kindly permits me to state that he finds the shimmer-aggregates around minerals of the 
country-rock to be contact-altered by that granite. Thus, the formation of the shimmer- 
aggregates in these cases preceded the intrusion of the Younger Granite (see p. 848). Similar 
phenomena, though searched for, were not observed at the contact of the Biotitie Complex 
of Cromar against the Younger Granites of Coull and Tomnaverie, but this contact is not well 
exposed. It appears reasonable to regard the production of shimmer-aggregates as part of 
the injection-process. 

The formation of white mica from the minerals concerned depends fundamentally on 
the accession of potash. Assuming that the white mica is muscovite, we may represent the 
changes as follows : — 

(1) 3Al 2 0 3 . Si0 2 +K 2 0+3Si0 2 +2H 2 0->K 2 G . 3Al 2 0 3 . 6Si0 2 . 2H 2 0 

Sillimanite. , Sericite. 

Andalusite. 

(2) 3[3RO . A1 2 0 3 . 3Si0 2 ] + K,0 + 2H 2 0->Iv 2 0 . 3A1 2 0 3 . 6Si0 2 . 2H 2 0 + 9RO + 3Si0 2 

Garnet. Sericite. 

(3) 6[HFeAl 6 Si 2 0 ls ]+2K 2 0+9Si0 2 +H 2 0+0 2 ^4:H 2 KAl3Si 3 0 12 +3Fe 3 0 4 +9Al 2 0 3 . Si0 2 

Staurolite. Sericite. Sillimanite. 

In the last case, the sillimanite may be changed to serieite by a further access o f potash, 
silica, and water; it will be recalled that the staurolite (fig. 5 A) appears to fray out into a 
mass of sillimanite and this into sericitic micas. 

Related to these phenomena may be the formation of albite by the destruction of anorthite, 
as in the much-shimmered xenoliths described on p. 380, thus: — 

3CaAl 2 8i 2 0 8 +K 2 0+3C0 2 +0 2 ->2KH 2 Al 3 Si 3 0 12 + 3€aC0 3 
Anorthite. Sericite. 

It has been repeatedly stated in the description of the Biotitie Complex that the felspars 
are often partly sericitised; it is possible that this sericitisation is another aspect of the action 
of the potash-solutions responsible for the shimmer-aggregates. 

In the formation of myrmekite, potash is released and is then available for the produc- 
tion of white micas. The amount of shimmer-aggregate is, however, far too great compared 
with that of myrmekite for such an origin of the potash to be at all likely. There are no 
indications as to the time-relations of myrmekite and the shimmer-aggregates, nor is there 
much evidence bearing on the date of the general sericitisation. The process probably 
occurred immediately after the consolidation of the injected material. 

In summary, then, it may be stated that the post-consolidation action in the Biotitie 
Complex consisted of the disengagement of dominantly alkaline solutions, the soda (with 
lime) of which are responsible for the production of myrmekite, and the potash for the extensive 
sericitisation. 
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6. The Pegmatites. 

of the field-occurrence of the Biotitic Complex mention was made of 
hich traverse the complex, especially on Tomachal- 
3 found in the quartzite and mica-schist belt 
will be advanced later (p. 348), these pegmatites 
ather than with the igneous period 

q as has already been described 
leucocratic varieties of pegmatitic character, 
part and parcel of the gneiss, being composed of the same essential 


In the description 

certain thick straight-edged pegmatites, w 
lich and Craig Ferrar. Similar pegmatites are 
of the Queen’s Hill ridge. For reasons which ... 
are believed to be connected with the injection-phase r 

entirely later than the movements. 

The oligoclase-biotite-gneiss and its associated rocks pass 

in their field-occurrence, into coarse patchy 1 - _ _ 

These pegmatitic forms are i _ 

minerals and carrying locally much garnet and silhmamte. I h< 
here. 

The great transgressive peg: 
component minerals are q 
comprise microcline, orthoclast 
variable in amount; often it f< 
across. 

The most salic stage of the injection is re 
found throughout the complex. 

Origin and Affinities of the Oligoclase-biotite-gneiss. -in 
of the rock in the field indicates that the oligoclase-biotite-gneiss is ] 
nature ; but certain considerations, such as the chemical and mmeralogi 
the broader field-relations, lead to the conclusion that admixture with s 
may have resulted in marked modification of the original magma. Ihis 
parentage of the oligoclase-biotite-gneiss is discussed m what follows. 

There is abundant evidence of the magmatic behaviour of the olig 
For instance, diversely oriented xenoliths of many rock-types swim in 
the other hand, veins and injects the larger sedimentary enclosures, 
cases it is an easy matter to decide where the magmatic rock ends and tl 
liths begin, yet this is not always so. The soaked xenoliths and those of olig< 
schist pass imperceptibly into the oligoclase-biotite-gneiss; a similar j 
grander scale is provided by that of oligoclase-porphyroblast-sehist ir 

gneiss on Craigie (p. 322). . , 

The extremely high normative corundum of the Dmnet oligoclasi 
p. 329) may be accounted for to some extent by the abundant colourless 
: aggregates which, it might be argued, may be due to weathering. Eve 
i . j. _ I--— nw onnnoftici/1 with the ! Ti i e (- 1 ] o n - 1 ) r o c es s e s . the abu 


■matites are all of one general type— potasn-pegmauwjb. 
potash-felspars, and muscovite. The perfectly fresh felspars 
hoclase, microcline-microperthite, and microperthite. 1 ale mica is 
en it forms large “books” of plates whose size may exceed an inch 

(presented by countless quartz veins of all sizes 
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the analysed hornfels (corresponding to a “ clayey greywacke ”) with 5|- parts of the analysed 
augen granite (corresponding to a biotite-granite). The analyses of Gabert’s mixed rock 
and the Dinnet oligoclase-biotite-gneisses are thoroughly alike; potash is somewhat higher 
in Gabert’s rock, a fact not without significance (see below). 0. A. Broch [11, pp. 90, 97-9, 
141], in connection with the “basic gneiss-granite” of Nesodden, Oslo, an analyses (B) of 
which is given in Table B, remarks that this rock (exactly like the Dinnet oligoclase-biotite- 
gneiss in mineral composition) is transitional on the one hand to migmatites and on the 
other to granite-gneiss, and he considers it to be in part of syntectic origin. This mode of 
occurrence, intermediate in position between migmatites, plagioclase-porphyroblast-schists 
or leptynolites on the one side and a “granite” on the other, is shared also by the “granite 
surmicaee” of the French contacts described more particularly by A. Lacroix [33, II, 
pp. 36, 64]. The granite surmicaee is exactly like the Dinnet oligoclase-biotite-gneiss ; 
the analysis (A) of a comparable mica-rich granitic rock from the celebrated Flamanville 
complex is given in Table B. The abnormal amount of biotite in these rocks is considered 
by Lacroix [33, II, p. 28] and the French school to be due to the endomorphic modi- 
fication of the granitic magma by the assimilation of sedimentary schist. Again, C. N. 
Fenner [19, p. 602] for certain New Jersey granitic gneisses holds that the dark minerals 
of the country-rock have been taken up by the invading magma and recrystallised in 
large blades. 

Such comparisons, combined with the chemical, mineralogical, and field-evidence already 
given in regard to the Dinnet oligoclase-biotite-gneiss, lead to the interpretation of this rock 
as of mixed origin. The sedimentary parent belongs to the quartzite and mica-schist group; 
the well-established greater resistance of siliceous rocks to “ granitisation ” — probably shown 
at Dinnet by the greater abundance and larger size of the quartzite xenoliths — permits of 
the conclusion that the more pelitic bands of the sedimentary country-rock play the dominant 
part. To establish the nature of the original igneous component is a question of some 
difficulty. There have been described on p. 323 injection-rocks consisting of igneous and 
sedimentary bands ; such definitely mixed rocks pass, as a whole, into a homogeneous oligoclase- 
biotite-gneiss. It seems reasonable to regard the igneous bands of the mixed rocks as a 
fairly close approximation to the original igneous material which, by more complete mixture 
with the sedimentary bands, is modified to give oligoclase-biotite-gneiss. The igneous bands 
in question consist of quartz and oligoclase with variable and scarcer biotite; they have the 
characters of trondhjemites * or trondhjemite-aplites as described by Y. M. Goldschmidt 
[26] from the Stavanger region. 

The chief constituents of the type trondhjemite [26, p. 79] of Dragaasen, Guldalen, 
Norway, are given in the table, p. 386. Next to them appears the average phyllite of the 
Stavanger region [24, p. 58]. 

The percentage composition of a mixture of equal parts of trondhjemite and the average 
phyllite can be compared with those of the Dinnet oligoclase-biotite-gneisses ; the main dis- 
crepancies are in ferrous oxide and soda, but Y. M. Goldschmidt [26, p. 85] gives analyses 
of many West Norwegian trondhjemites which are somewhat lower in soda than the rock used 
here. The employment of such a table as that on p. 336 means nothing more than that the 
origin of the Dinnet oligoclase-biotite-gneisses by the mixture of pelitic rocks and trondhjemitic 

* Trondhjemite is defined by V* M. Goldschmidt [26, p* 77] as follows “ A ieucocratic acid platonic rock whose most 
essential light components are soda-rich plagioclase (oligoclase to andesinc) and quartz, whilst potash-felspar is either absent or very 
subordinant. Amongst the mostly scanty, often very scanty, dark minerals biotite is the most important ; the place of a small 
proportion of the biotite is often taken by hornblende or, though more rarely, by a diopsidic pyroxene.’ * 
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lias briefly described [24, pp. 106-7, 
biotite-gneisses from the Stavanger region which are similar 
yet insufficient data as to their origin. 


is not chemically impossible. Goldschmidt 
, figs. 1 and 2] oligoelase-1 _ _ 

'of Dinnet, but considers that there is as 


The question now arises as to how far the union of the igneous and sedimentary com- 
ponents of the oligoclase-biotite-gneiss is mechanical or chemical, that is, whether the materia s 
of the invaded rock are xenocrystic in the trondhjemite magma or whether the oligoclase- 
biotite-gneiss results from the crystallisation of a magma modified by solution of the coun ry- 
rock- in this latter event, the resulting products are contaminated rocks, according to the 
writer’s definition of these [41, p. 128]. From the microscopic evidence there is no doubt 
that the oligoclase, biotite, and quartz of these rocks are crystallisations from the ™.odi 
magma; the resulting rock is much richer in biotite than the original injection of probably 
trondhjemitic character; true sedimentary material can be recognised (p. 327), and is qu 
different from the oligoclase-biotite-gneiss proper. The status of the silhmamte and game 
is a question on which but little evidence is forthcoming. Silhmamte (p. 327) occurs almost 
entirely as large crystals with shimmer-aggregates-such crystals are possibly best inter- 
preted as xenocrysts. The large unshimmered garnets are possibly of magmatic origin, 
whilst the fragmented “shimmered” crystals are xenocrystic. Some of the small patches 
extremely rich in “shimmered” garnet and sillimanite and chlontised biotite (such as are 
illustrated in fig. 4, p. 327) may represent spots of xenohthic sedimentary material, lhe 
impression is clearly formed in the field that the large sporadic garnets of the coarser, more 
variable, and often patchily pegmatitic form of the oligoclase-biotite-gneiss are of magmatic ■ 
formation. The occurrence of garnet as a primary crystallisation m a granitic rock denotes, 
according to J. J. Sbdbrholm, A. Osann, P. Eskola [17, pp. 30-1], and others, an excess of, 
alumina in the magma — an excess thought by Eskola and Sedbeholm, for instance, to e 
due possibly to the assimilation of sedimentary rocks. It is noteworthy that Y. M. Gold- 
schmidt [24, pp. 23, 26] believes that the occurrence of garnet and much biotite m the Stavanger 
trondhiemites near their contact with mica-schist is due to the derivation by the igneous rocks 
of material from the schists. H. Schwenkel [47, p. 196], in discussing the granite-gneisses 
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SiQ 2 . 

A1 2 O s . 

Ee 2 0 3 . 

EeO. 

MgO. 

CaO. 

Na 2 0. 

A. Trondhjemite . • 

69*30 

16-81 

0*28 

1-26 

1*08 

3-34 

6*00 

B. Average Phyllite . 

58-32 

20-00 

2-01 

4*98 

1-85 

0*66 

1*26 

Mean of A. and B. 

63*81 

1840 

1*14 

3*12 

1-46 

2*00 

3*63 

Dinnet oligoolase- 
biotite-gneisses 

63-24 

66-30 

17-27 

16-36 

1*50 

0*77 

6*56 

6*12 

2-00 

1-84 

2-02 

1 - 90 . 

2-43 
2-29 j 
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Likewise, C. B. Tilley [50, pp. 93-4] states that the garnet in certain South Australian 
gneisses is a normal pyrogenetic mineral clue to the rearrangement of the biotite molecule, and 
is not a product of the absorption of aluminous sediments by the magma; the low-grade 
biotite and quartz passing to high-grade garnet, orthoclase, and water. 

At Cromar, however, the field-evidence shows the intimate admixture of politic sediment 
and igneous material; the composition of the oligoclase-biotite-gneiss shows an alumina 
excess not all to be accounted for by xenocrystic sillimanite or late serieite; and these rocks, 
even when richly garnetiferous, contain little or no potash-felspar. It seems reasonable, 
therefore, to consider that part of the garnet of these rocks is a magmatic crystallisation due 
to the modification of the original magma by sedimentary material. 

The oligoclase-biotite-gneiss shows everywhere a gneissose structure often combined 
with a mineral banding. There is no evidence for the cataclastic deformation of an already 
solid rock. The gneissic structures appear to be due to flow in a partly crystallised magma, 
and are emphasised by relics or ghosts of incorporated sedimentary material, and by the 
generally concordant lie of the xenolithie matter (see after, p. 346). 

For many pages it has been apparent to the reader familiar with the researches of G. 
Barrow in the South-east Highlands that a great similarity exists between the Cromar oligo- 
clase-biotite-gneisses and part of that worker’s “ Older Granite.” A summary of Barrow’s 
work is given in F. H. Hatch and A. K. Wells’ Petrology of the Igneous Bocks, 8th edit., 
1926, pp. 427-31. In many publications Barrow has described oligoclase-biotite-gneisses, 
especially notable being those of Glen Muick and Glen Doll — nearest the Cromar area; these 
gneisses appear to differ in no respects, either petrographical or geological, from the Cromar 1 
rocks. The “Older Granite” is made up of a number of fractions resulting “from the pro- 
gressive squeezing out of the liquid portion of granitic magma consolidating under stress. 
Each portion is slightly abnormal in composition, but were all parts mingled, the whole would 
make up a granite of normal composition.” (Hatch and Wells, loc. cit., p. 430.) The petro- 
graphic types of the “Older Granite” fall into two groups, the alkali-granite type and the 
granodiorite type, the latter including the oligoclase-biotite-gneisses. Going south-eastwards 
from the oligoclase-biotite-gneisses of Upper Glen Clova, Barrow [4] found an increase of 
muscovite and microcline as against biotite and oligoclase, due to the straining off of potash- 
rich material towards the south-east. Thus, Barrow [3] interprets the oligoclase-biotite- 
gneiss as the first crystallisation from a granite magma, the liquid potash-rich residuum having 
been expelled. A".V'U UTA'AA' 

This present paper contains the results of a detailed study of a small area; these results 
apply only to that area and cannot be used in criticism of those gained by Barrow in a much 
wider sphere. However, the comparison of the origin of the Cromar gneisses given in this 
paper and that of the South-east Highland oligoclase-gneisses advanced by Barrow may be 
worth making: — 

1. For Cromar, the oligoclase-biotite-gneiss is thought to result from the admixture, 
both chemical and mechanical, of a trondhjemitic (oligoclase-quartz) magma and dominantly 
pehtic sediment. 

2. For the South-east Highlands, the oligoclase-biotite-gneisses are considered by G. 
Barrow to result from the expulsion of potash-rich material from a granitic magma. 

It may, however, be mentioned that the presence of kyanite, sillimanite, andalusite, and 
. cordierite in the oligoclase-biotite-gneiss of several localities suggested to Barrow [6, p. 50; 
7, p. 98; 8, pp. 67, 68] the possibility of the absorption of shaly material. The Cromar 
oligoclase-biotite-gneisses appear to be identical with the oligoclase-biotite-gneisses of Glen 
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Appendix to the Biotitic Complex. 

Oligoclase-porphyroblast-sthists. 

c ,^ica.schists^n 8S pi^«^^^ k -- 

l in Gromai (see > P House* (2^ in the woods between Lochs 

■ SS :i Se 1 ^ “ 

lh. Mas ponph^a* sc« ^f^ “ batdfZughout the 
broader outcrop , y ^ ^ with those of the adjacent country- 

whh the main bodies of these schists are siliceous beds and belts of mica- 

relations of these 

ta^ionll""; sedentary schist's of the Queen's Hill belt 

— fnto definite xenolithic mjection-roeks (se* 

western extension beyond Dinnet is not yet to™ thehOTiri^may be 
n the east side of Glen Muick where it is possible that their origin m y , 

Dipso rocks resemble coarse felspathic grits. They are homogeneous and 
lusions of other rocks; over practically the whole of their outcrop ' ey s o 
,sivP isneous material apart from a few potash-pegmatite veins. 

—The oligoclase-porphyr oblast-schists are dark grey in colour and show w 1 e 
enticular in form, wrapped about by biotite-rich streaks. The felspar crystals 
..... .. , i i:„„„ c-p T-n^ir Vmt, np,p,a,sionallv thev li© athwart these. 
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deep brown with a red tinge, occurs as small laths, either aggregated or scattered in trains 
through the quartz areas. As regards structure, the rock is made up of a base of tiny quartz 
grains and biotite flakes which flow around larger quartz grains and rounded felspars, some of 
these being of large size. Eye-shaped areas of aplitic substance are rare. There is no sign 
of cataclasis. The base of the rock often shows the hornfels-structure of contact rocks of 
Christiania type. In the slices examined, large garnets are sporadic : these are fractured and 
separated into pieces, the cracks being filled with quartz and biotite. The heavy residue 
from a crush of the oligoclase-porphyroblast-schist whose analysis is given below showed 
abundant garnet. 

The analysis of a typical oligoclase-porphyroblast-schist from the north face of Mulloch 
is given as Analysis I in Table 0 below: — 

Table C. 


Plagioclase-pcrrphyr oblast-schists, etc. 



l. 

A. 

B. 

c. . 

D. 

E. 

Si0 2 

68*70 

64*70 

66*36 

63*4 

65*11 

60*95 

A1 2 0 3 

13*63 

15*45 

15*81 

18*1 

15*78 

16*00 

Fe 2 0 3 

1*29 

1*36 

0*77 

6-7 

j* 6*49 

4*37 

FeO 

4-11 
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. . 


, ,, 

MgO 

1*75 

1*48 

1*87 

1*9 

1*95 

2*97 
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1-82 

1*67 
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J 

0*39 

0*09 
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0*81 
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0*83 
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PA 
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0*19 
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0*25 

0*12 

S 
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MnO 
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0*24 
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100*01 
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100*39 
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I. Oligoclase-porphyroblast-schist, Mulloch, Dinnet, Aberdeenshire. Anal., W. H. Hekdsman. 

A. Albite-porphyroblast-schist, Stavanger, Norway. Anal., 0. R5er [in 24, p. 84]. 

B. Garnet- and amphibole-bearing quartz-muscomte-biotite-schist. Contact-schist of A. Gavelin, Kvikkjokk, 

Sweden. Ami., R. Mauzelius [in 23, p. 323]. Albite-porphyroblast- schist with garnet and amphibole of 
V. M. Goldschmidt [24, p. 127]. 

C. Albite- schist, Stuck Burn, Cowal. Anal., J. J. H. Teall [in 12, p. 39]. 

D. Albite-gneiss, Rudha Ban, Loch Lomond. Anal., W. Pollard [in 15, p. 23], 

E. Black Schist, Sandend Harbour, Banffshire. Anal., E. G. Radley [in 41, p. 64]. 

Origin and Affinities of the Oligoglase-porphyro blast-schists. — There are two 
groups of rocks in the Caledonian mountain-chain with which the Cromar oligoclase-porphyro- 
blast-schists show marked mineralogical or chemical affinities. These two groups are on the 
one hand, the albite-schists of Cowal and Loch Lomond in Scotland, and on the other, 
the albite-porphyroblast-schists of Scandinavia. Quite different explanations have been 
advanced for the origins of these two groups by petrologists who have studied them. 
The Scottish albite-schists are considered to be normal metamorphic sediments in which 
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is reasonable agreement except in the amount of lime and potash. E. B. Bailey [ , p. J 
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nroportion of greywacke-shale of a composition corresponding with the analyses of 
albite-schists (hand D of Table C. Similarly for the Cromar oligoclase-porphyroblast-schist 
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slightly calcareous phyllite. Except for the greater content of lime, the Cromar schist closely 
resembles certain “ greywackes with dominant soda,” listed by G. Linck [3o, p. 298]. Tim y, 
fTSTSLv. IreLd to the analysis, E of Table C, of the Black Schist of Banffshire 
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B) from Sweden described by P. Quensel [40, p. 19], and A. Gavelin [23, p. 313], and dis- 
cussed by Y. M. Goldschmidt [24, pp. 126-8], wlio shows them to be identical with the 
Stavanger albite-porphyroblast-schists. 

The Stavanger albite-porphyroblast-schists are restricted to a narrow zone around an 
intrusion of trondhjemite from which the material added to the original phyllite was drawn. 
From a long series of chemical analyses V. M. Goldschmidt [24, pp. 108-120] considers that 
there has been an absorption by the country-rock of silica, soda, and lime, the silica and soda 
being derived from the magma, the lime from non-magmatie solutions circulating in the 
contact-zone. Thus, Goldschmidt regards [24, p. 114] the albite-porphyroblast-schists as 
having arisen from the average Stavanger phyllite [24, p. 118] by the addition, to 100 parts 
of this, of 26 parts silica, 8-1 parts lime, 2-8 parts soda, and the withdrawal of 1-7 parts water. 

E. B. Bailey [2, p. 326] has drawn attention to certain aspects of Goldschmidt’s work. 
He points out that the rocks analysed by the latter and used to give the results noted in the 
preceding paragraph come from different stratigraphical horizons and had not necessarily 
the same initial compositions. A further complexity is produced by the presence of numerous 
thrusts. Finally, however, Bailey stresses the thoroughness of Goldschmidt’s investigation 
and the apparent continuity in the various stages connecting phyllite with injection-rocks 
observed in the Stavanger region. 

From the descriptions of the “leptynolites” (felspathised mica-schists) of A. Lacroix 
and the French School, it appears that rocks like the Cromar oligoclase-porphyroblast-schists 
play an important part in the celebrated granite contacts of the Pyrenees and other French 
localities [see especially 33, pp. 249-50, and PI. I, figs. 2-4]. The purely mechanical mixing 
of felspathic material with country-rock is invoked in many cases by 0. Barrois, A. Michel- 
Levy, and A. Lacroix for these contacts, but the general position of these petrologists is 
best indicated by the statement of Lacroix [33, p. 288]. 

“ Les phenomenes de contact des roches eruptives sont le resultat de la transforma- 
tion d’une roche preexistante, apportant sa caracteristique personnelle, sous l’influence 
d’agents mineralizateurs, le plus generalement accompagnes d’elements volatils ou 
solubles qui, en se fixant sur la roche modifiee, en transforment plus ou moins eomplete- 
ment la composition chimique.” 

Lastly, oligoclase-porphyroblast-schists seem to occur in the Irish granite-complexes 
described by G. A. J. Cole [13, pp. 212-8, PI. II, fig. 2; 14, pp. 184-5], but little detailed 
. petrographical or chemical work has been done on these. 

It has now been shown that rocks similar to the Cromar oligoclase-porphyroblast-schists 
occur in close connection with injection-complexes, and that in both Scandinavia and France 
it has been held that an important influx of material takes place in their formation. 

Now that the similarities between the Cromar oligoclase-porphyroblast-schists and, on 
the one hand, the sedimentary albite-schists and, on the other, the injection-metamorphosed 
albite-porphyroblast-schists or leptynolites have been pointed out, the evidence concerning 
the origin of the Cromar rocks must be considered. 

In the first place, the Cromar schists appear to take the place of the purely sedimentary 
schists lying above the Deeside Limestone. In the Queen’s Hill belt of unmixed sediments 
there is no development of oligoclase-porphyroblast-schists, yet in the Dinnet area such 
. schists are magnificently developed on exactly the same stratigraphical horizon. Secondly, 
the oligoclase-porphyroblast-schists of the Dinnet area pass, on Mulloch and Oraigie, by a 
well-exposed transitional zone into xenolithie injection-rocks. This passage takes place along 
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1. Pegmatised Hornblende-schists of Craig Dim . — This type of phenomena is found within 
the limits of the Biotitic Complex. It is especially well seen on the great rock-exposures 
forming the summit ridge of Craig Dhu: a good line of traverse starts on the south at the 
Blue Cairn and follows a fence running north by west over the summit and thence northwards 
to the targets at the north foot of the hill. Phenomena similar to those of Craig Dhu can be 
less well seen at several localities, as on Balnagowan Hill, at Balnacraig, and on the south 
slopes of Scar Hill. 

The main part of Craig Dhu consists of massive fine-grained black hornblende-schists 
or hornblende-granulites, consisting of hornblende and labradorite; clinopvroxene is seen in 
certain bands. These hornblendic rocks are veined with great blotches, patches, and strings 
of felspathic material (oligoelase) that is seen to isolate and incorporate the hornblende of the 
invaded rock. Transverse veins spread out laterally into patches and become hornblendic, 
but lit-par-lit injection is only occasionally seen. When the host is garnetiferous, the horn- 
blende-pegmatites traversing it are likewise garnetiferous. Immediately adjacent to the 
injections the hornblendes of the hornblende-schist or granulite are extremely large, a circum- 
stance arising from mineraliser-action. An interesting example of similar action is provided 
by a trail of enlarged hornblendes winding away from the seen termination of a hornblende- 
pegmatite; here mineralisers have penetrated farther through the rock than the felspathic 
material; the phenomenon recalls 0. Barrois’ classic example of felspar trails in the Ros- 
trenen granite contacts. It is noteworthy that the hornblende occurring in the pegmatites 
consists of very large, usually isolated, crystals, a case presumably of the same type of 
mineraliser-action. 

The occurrence of hornblende in pegmatites traversing hornblendic rocks has been noted 
by many observers, e.g. by J. J. Sederholm [48, p. 109] and P. Eskola [17, pp. 58, 60] in 
Finnish contacts, Y. M. Goldschmidt [24, p. 54] in the Stavanger region, P. Niggli [27, 
p. 327; 37, p. 169] in the Alps, F. Reinhold [46, p. 145] in Austria, G. Klemm [32, p. 15], 
and H. Philipp [88, p. 77] in Germany, and by 0. E. Tilley [50, pp. 83, 88, 90] in South 
Australia. In all cases, the hornblende is considered to have been derived from the horn- 
blendic country -rock. Similarly, the enlargement of hornblende adjacent to veins occurs 
in many complexes as noted by H. Sciiwenkbl [47, p. 167, PI. IV, fig. 5], F. Reiniiold [46, 
pp. 86, 90, 99], H. Philipp [39, pp. 404-6], W. Fehr [18, pp. 836-7], and P. Niggli [27, 
pp. 326-7, 359; 37, p. 169]. 

Traversing the hornblende-granulites of Craig Dhu are certain very large, straight-edged, 
coarse pegmatites that presumably represent the same phase of the complex as those described 
on p. 334 from the Biotitic Complex. 

Perhaps half of Craig Dhu is made of pegmatised hornblende-schists and granulites, 
whilst the other half consists of bands of varying width of oligoclase-biotite-gneiss and lit- 
par-lit injection-complexes with siliceous and politic rocks. Whilst the sedimentary rocks 
have been mechanically and chemically incorporated in the injected magma, the old igneous 
rocks have simply been veined by pegmatitic material; to find the hornblendic complex in 
the same stage as the biotitic complex of Craig Dhu one must go to the Tilly hermack region, 
north of the Biotitic Complex. Craig Dhu illustrates a marked feature of the Cromar Complex, 
namely, the resistance to injection and complexing shown by the rocks of the Greenstone 
Series as compared with the sedimentary country-rocks. 

2 . Hornblendic Complex of Tillyhermack . — It has already been noted (p. 322) on the 
traverse along the fence from Scar Hill to Tillyhermack that the oligoclase-biotite-gneiss 
gives place northwards to a hornblendic complex (see fig. 1, p. 318). From the locality of 
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hornblende is colour-banded by growth stages; irregular later growths have taken place 
about the euhedral central crystals so that the old scattered prisms become joined up into 
large shapeless plates. Further diminution in the amount of salic components leads to a type 
of xenolith found on Tomachallich and around Tillyhermack. In hand-specimen it is a coarse- 
grained scyelitic-looking rock; in slice it is seen to be composed entirely of hornblende in 
very large plates formed by fresh growth from isolated prisms (fig. 6C). 

Hornblendic injection-gneisses from these complexes show bands and lenses of large 

ABC 



Fig. 6.— Rocks of the Hornblendic Complex. 

A. Pseudo- diori tic Type. Ho ^hornblende, ¥ --plagioelase, Bi =biotite, solid black -iron-oxide. 

B. Pse udo- la m prophy ric Type. Ho -hornblende, Fp —porphyritic plagioclase, solid black —iron-oxide. 

C. Hornblendic Xenolith. I = brown hornblende, 2 =pale green hornblende. 

oligoclase crystals between fine-grained quartz-felspar-biotite-hornblende streaks, with 
occasional very large hornblendes in both. 

Origin and Affinities of the Hornblendic Complex. — The pseudo-dioritic rocks of 
the Hornblendic Complex are considered to result from the incorporation of basic igneous 
rocks of the Greenstone Series in an oligoclase-rich, possibly trondhjemitie, magma. Evidence 
bearing on this is contained in the description of the field and microscopic characters of 
the complex; a few aspects of this may be recalled. 

In the pegmatised hornblende-schists and granulites, the first stage of the process be- 
lieved to have operated is shown in the irregular veining by oligoclase-rich injections and in 
the hornblendic rocks resulting from the patchiness of these. As should be expected, the 
injected material is seen to be the same as the igneous component of the Biotitic Complex. 

In the pseudo-dioritic rocks of Tillyhermack there is supplied the more complete stage of 
the injection-processes, and in these the injected material and the older rock are more thor- 
oughly mixed, yet one parent of the complex is revealed by the exclusively amphibolitic nature 
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no signs of eataclastic deformation and is quite different from the augen-gneisses of North- 
east Scotland, such as those of Boggierow (Portsoy) and Keith [41, pp. 101-2]; there is no 
trace of superposed metamorphism such as would he produced had an originally banded or 
oriented solid rock been subjected to later deep-seated stresses. Heterogeneity having been 
produced in the complex magma by the presence of xenolithic material and by the separation 
of a considerable body of crystals, the effects of stress could become apparent; the structure 
of the gneiss is thus formed. The Cromar injection took place under conditions of stress. 

The character of the xenoliths in the oligoclase-biotite-gneiss must now be considered. 
These xenoliths are schistose; many cases have been cited in which adjacent xenoliths lie 
with their individual foliation-planes at all angles to one another; around these unoriented 
xenoliths the oligoclase-biotite-gneiss flows in sinuous curves. It has been shown that the 
oligoclase-biotite-gneiss cannot be interpreted as an originally fluxional rock sheared in the 
solid by later movements. Let us suppose it possible for a magma, intruded under stress, 
to pick up non-metamorphosed country-rock as xenoliths — non-crystalline xenoliths occurring 
scattered through the magma. Any pressure on these xenoliths would be hydrostatic; any 
contact-metamorphie effects produced in them would be of the Christiania or Barr-Andlau 
hornf els-type ; they would show no directed structures. In such a case, the xenoliths would 
■be of hornfelses and not of schists. Further, for Cromar, the non-uniformity of the direction 
of structures in adjacent xenoliths inter se, and in the surrounding gneiss as compared with the 
xenoliths, cannot be explained if the xenoliths were non-schistose at the time of their incor- 
poration in the magma. It is reasonable to believe, therefore, that the xenoliths were already 
foliated when they became included in the magma. 

Again, lit-par-lit injection is very beautifully developed over most of the oligoclase- 
biotite-gneiss area. This means that there were planes in the country-rock along which 
igneous material was able to penetrate. It is best to consider that these planes were foliation- 
planes rather than bedding-planes, say, in non-schistose sandy and clayey sediments. 

Turning now to the consideration of the Hornblendic Complex, we find there the same 
evidence for the Greenstone Series being metamorphic schists before they were involved in 
the injection-complex. Though lit-par-lit injection is somewhat rare in the Hornblendic 
Complex yet it does occur, and injection must have followed planes that, in this case, can 
have been only those of foliation. Similarly, all directions of orientation of sehistosity are 
found amongst the hornblende-schist xenoliths in the Hornblendic Complex. 

There seems thus to be a considerable body of evidence in favour of the view that the 
siliceous and pelitic country-rocks and the Greenstone Series were already metamorphic 
when their xenoliths were taken up by the magma injected. Though this is so, it does not 
necessarily follow that the general metamorphism and the injection were widely separated in 
time. The injection may have occurred during the later stages of the movement-period 
whilst the high-grade metamorphism of the sillimanite aureole was most probably accom- 
plished during the earlier stages of the same period. The sequence of events may have been 
somewhat as follows: — 

, (a) Folding in the geosyncline produced two main results— heating of the deeper beds 

and the ascent of the magmatic region., By this combination, the country-rocks were 
maintained for a lengthy period at a high temperature adjacent to a large body of possibly 
• granodioritic magma and were also under powerful stresses— the result is seen in the 
sillimanite-gneisses, etc., of the country-rocks, and in the hornblende-schists and granulites 
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3. Biotite-porphyrite Dykes. 

: -j : " '■» ' ■: 

Half a dozen or so dykes of porphyrite have been noted cutting through the Biotitic 
and Hornblendic Complexes. For instance on Craig Dhu, several dykes and small bosses 
are seen; others occur on Scar Hill and further west towards Tillyhermack. These dykes 
are essentially alike; they are later than the complexes and are to be connected with the 
Younger Granite period of intrusion. 

' . . Petrography . — In thin slices, all these dykes are seen to be similar and composed of pheno- 
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Table D. 1 

Younger Granites. J 


j 

I. 

II. 

Si0 2 

70*30 

67*96 

A1„0, 

12*67 

15*06 

Fe,Oq 

0*80 

045 

FeO 

142 

1*84 

MgO 

140 

144 

CaO 

144 

2*82 

Na a O 

4*70 

4-33 

K 2 0 

3*88 

3*04 

H 2 0+ 

1*20 

1*04 

h 2 0— 

0*50 

0*50 

CO, 

nil 

nil 

Ti0 2 

1-40 

1*20 

pa 

0*09 

0*14 

s 

nil 

nil 

MnO 

trace 

trace 

ZnO 

0*17 

trace j 

Totals 

99*97 

99-82 


I. Coull Granite, Summit of Mortlich, Aboyne, Aberdeenshire. Anal., W. H. Herdsman. 

II. Tomnaverie Granite, Tomnaverie Quarry, Tarland, Aberdeenshire. Anal., W. H. Herdsman. 


2. Tomnaverie Granite. 


North and north-east of the Tillyhermack Hornblendic Complex a grey medium-grained 
biotite-granite is seen. It is extensively quarried at Tomnaverie near Mill of Wester Coull; 
it will be called the Tomnaverie Granite. The relations of the Tomnaverie Granite to either 
the Coidl Granite or to the Cromar Complex are not seen. So far as exposed the Tomnaverie 
Granite is uniform, quite without directed structures and seemingly devoid of xenoliths. 
It is best considered to be a part of the Younger Granites. 

Petrography .— The granite is grey in colour and shows a considerable amount of biotite. 
In slice, the components are seen to be quartz, mi crocline, acid oligoclase, orthocla.se, and 
biotite; sphene, magnetite, and apatite are accessory. The potash-felspars form large shape- 
less plates and enclose the euhedral plagioclases. The oligoclase is zoned and always shows 
good crystal boundaries. The biotite is pleochroic from pale yellow to deep sepia, and is 
much more abundant than in the Coull Granite. 

An analysis of the granite from Tomnaverie Quarry is given in Table D, above. 
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Fig. 7. — Comparison of the Oligoclase-biotite-gneiss and the Younger Granites of Cromar. 

the figure. When a comparison is made with the analyses of the oligoclase-biotite-gneiss 
given on p. 329, fundamental differences are revealed, as shown in the figure. The much 
greater content of alumina and of mafic oxides in the gneiss causes a wide separation in the 
position of the two groups of analyses. It may be found possible as research progresses 
amongst the acid igneous rocks of North-east Scotland to lay down some such chemical criteria 
for their distinction as are suggested above. 

The biotite-porphyrites are connected with the Younger Granite intrusions on the evid- 
ence of their geological habit and their petrographic characters. 

The Coull and Tomnaverie Granites belong to the great group of granites of North- 
east Scotland styled Younger or Newer Granites by the Geological Survey. The members 
of this group agree in being of later date than the movement period, but it is probable that 
individual granites may be of somewhat different ages. 

bo said, at all events, that the Coull and Tomnaverie Granites were intruded 
after the mountain-building movements had ceased; the country-rock was relatively cold al 
■ the time of intrusion as shown by the occurrence of chilled marginal facies. Intrusion was 
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not separated from the magma. On the other hand, intrusion outside the main body takes 
the form of porphyrite dykes along tension fissures. 

VI. Summary of the Igneous History of Cromar. 

From what has been said before, the igneous history of the Cromar district may be sum- 
marised as follows: — 

1. The Geosynclinal Phase. — During the formation of the geosyncline, igneous activity 
manifested itself as sills of doleritie or gabbroic character — the Greenstone Series. The keynote 
of the phase is gentle subsidence. 

2. The Movement Phase. — Mountain-building movements in the geosyncline resulted in 
the production of the General Met.amorphism. In Cromar the impression of the metamorphic 
character on the sedimentary country-rocks and the Greenstone Series is believed to have 
been accompanied by the intrusion of a large body of possibly granodioritic magma. To this 
combination of factors is due the high metamorphic grade of the Deeside rocks. After the 
culmination of the crustal movements, solidification began in the underlying magma with the 
resultant splitting-off of a soda-dominant trondhjemitic fraction. This fraction, injected 
under some pressure into the already metamorphosed country-rocks, is the igneous parent 
of the Biotitie ancl Hornblenclic Complexes-, the major rocks of these complexes are mixtures 
of various kinds between the igneous and country -rock components. To this period is assigned 
the Injection- metamorphism shown, it is considered likely, by the passage of soda-rich solutions 
into the country-rock with the production of oligoclase-porphyroblast-sehists. The keynotes 
of the Movement Phase are, (1) the country-rocks were at a high temperature ; (2) the region 
was under strong stress; (3) intrusions are concordant. 

3. The Post-movement Phase. — After the total cessation of the crustal movements there 
occurred the intrusion of the Younger Granites — the microcline-oligoclase-granites andbiotite- 
porphyrites. The keynotes of this phase are, (1) the country-rocks were cold at the time of 
intrusion; (2) they were under no stress; (3) the intrusions are discordant. 

In conclusion, the question of the possible connection between the three phases may be 
briefly touched upon. General opinion among Scottish geologists appears to favour a close 
connection between the Greenstone Series and the Older Granites of the Movement Phase; 
parts of the Older Granite consolidated before the maximum crustal movements. On the 
other hand, the Older and Younger Granites have always been kept completely separated. 
G. Barrow [9, p. 282] holds that the Older Granite is of pre-Torridonian age. The Younger 
Granites have been taken to be of Devonian date and have been connected with the Caledonian 
movement (cf. A. Harker [28, p. lxxxi, et seq.]). With the question of the age of the 
Older Granite is intimately connected that of the metamorphism. Concerning the date of the 
metamorphism, two views are more or less current, the one holding that the date is pre- 
Torridonian, the other Caledonian or Lower Palaeozoic. In the absence of unequivocal 
evidence, this question must be left open. Cromar supplies nothing new with regard to it. 

It must be pointed out, however, that in the South Norwegian portion of the Caledonian 
chain, V. M. Goldschmidt [24, 26] has described two families of rocks, both believed to be of 
Lower Palaeozoic age, which bear the closest resemblances to rocks of two of the Cromar phases. 
Goldschmidt’s Green Rocks contain many types that can be matched in the Greenstone 
Series of Scotland, whilst his injection-rocks connected with trondhjemite are exactly repro- 
duced by rocks of the Cromar Complexes. This general similarity does not necessarily imply 
similarity of age, but may express similarity in type of crustal movement. 
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Introduction. 

The object of this research was to compare the feeding mechanism of Nebalia with that 
of Hemimysis described by Miss Manton and myself (1927). The observations of the living 
animals were made partly at Naples while I was occupying the Cambridge University table, 
and partly at Plymouth where 1 had the use of the London University table. 

The methods used in 'determining the feeding currents were the same as those used for 
Hemimysis (Cannon and Manton, 1927). To obtain a ventral view of the trunk limbs, I 
simply held the living animal upside down, gripping the abdomen with a pair of forceps, 
and in this position it would feed for a long time. I found it possible even to remove the entire 
carapace without killing the animal or upsetting the normal movements of the limbs. 

To study the arrangements of the trunk limbs and mouth-parts ordinary methods of 
dissection were useless as these disarranged the extremely fine setal armature. To overcome 
this, I embedded the animals in paraffin wax and then cut the block on a microtome down to 
any desired level, e.g. the sagittal plane. Then I unmounted the block and dissolved away 
the wax with xylol. The remaining portion of the specimen was then placed in absolute 
alcohol, then glycerine, and finally mounted in glycerine jelly. In this way I have obtained 
mounted material showing all the necessary aspects of a limb, and I can be certain that the 
setse on that limb are in a perfectly normal position. 

‘ Habits. 

The habits of Nebalia were described by Sabs (1896, pp. 80-32), but he did not deal in 
any detail with the feeding mechanism. 

Nebalia is a mud-living form found commonly round our coasts, usually under stones. 
Cabman (1909, p. 159) states that Nebalia bipes, the form found both at Naples and Plymouth, 
is. very resistant to unfavourable conditions, “thriving in water which is foul with decaying 
matter.” I thus found it very easy to keep specimens under observation in the laboratory. 
When placed in a dish of sea- water with a layer of mud at the bottom, Nebalia makes straight 
for the mud and buries itself just below the surface. It remains still, with only the trunk 
limbs moving, sometimes for a considerable period ; but often even the trunk limbs are still, 
so that the animal is perfectly motionless. In this condition the pulse of the heart becomes 
very slow, but quickens directly the trunk limbs begin to move again. 
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+1 j-Lo-f iEa trunk limbs take no part in locomotion, but 
Saks (1896, p. 81) states correct y ^ produced, namely, inside the valves 

he continues, “By the play of these ater by which the small particles that serve the 

of the carapace, a forward current of the water by wn this flows out in 

animal for food are drawn into the area of the o al parts, in fronta l pkt e.” 

a continuous stream from the oremos extrmmty of to carapace^ A ^ of 

This statement has been copied y a ( ^ ■ the trun l; limbs and passed out 

rvater enters the by an elaborate arrangement of set® arranged on 

[hf Sred“ of the LSnlt-lrmb endopodites, and the food so gathered is passed forward to 
the mouth-parts. 

Arrangement and Movement of Trunk Lmbs and Mouth-parts. 

The caranace completely covers the trunk limbs, the mouth-parts with the exception of 

1 It l c i 0S ed in dorsally by the ventral body-wall, laterally by the proximal parts 

Se Trunk-^ Centrally by the mat of long set, borne on the recurved 

Hus of the trunk limbs. It is open anteriorly and the entrance is guarded by the antennules, 
the eyefand the rostrum. By bringing the antennules down parallel to the an to» h shgMy 
depressing the eyes, and bringing the rostrum down to cover the space between the antennules 

this entrance can be completely closed. „v> QTY ,w P>v nartiallv 

The rostrum appears to control the current entering the filter chamb . y p J 

depressing it the entering food-stream is divided into two, the upper portion passing dorsal y 
Sfl rostrum, the lower entering the filter chamber. This movement is brough about, 
as Claus (1889, p. 39) observes, not by special rostral muscles, but by muscles conti oiling t e 

front part of the head, the eyes, and the antennules. . . ,, p • j- rfl pv 

Normally the rostrum is elevated and the antennules project laterally. Periodically 
they are swept backwards in an oar-like motion and the pleopods are jerked backwards 
These movements push the animal forwards through the mud, but also sucks m mud towards 
the entrance to the filter chamber. The lateral movement of the antennules must pioduce a 
region of low pressure just below the rostrum, and so mud particles pass towards this region 

and these are then sucked in by the trunk limbs. 

The trunk limbs project at right angles to the ventral body-wall, their setose tips passing 
back at a right angle to the main axis of the limb. As the limbs diminish in length from before 
backwards, these distal parts overlie each other, forming a thick mat of setae, and this is the 
floor of the filter chamber. The planes of the flattened endopodites of the first pair project 
backwards at about 40° to the median plane, and this angle increases in passing backwards 
to the eighth pair, which project almost at right angles (text-fig. 1). The exopodites and 
epipodites of all these limbs project backwards and overlie each other like the leaves of a 
book. The inner edges of the endopodites are much further apart anteriorly than in the 
posterior limbs. The eighth pair, as will be described in more detail later (p. 362), are linked 
together by two rows of feathered set, so as to form a continuous plate. 

In order to determine the mechanism by which the trunk limbs produce the food-current 
■ was frtilvvurDrl aona.vn.tAlv This was made Dossible owing to the 
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THE FEEDING MECHANISM OF NEBALIA BIPES. 

fact that the limbs are often stationary, and when they recommence to move rhythmically 
they do not all commence at the same time, and it is easy to determine the order and mode of 


Entrance -for food stream. 



Text-fig. 1 . — Diagram based on a frontal section and a frontal slice, to show the arrangement of setae on the trunk-limb 

endopodites and the passage of the food stream. 

movement of each limb. When this had been done the results were plotted diagrammatically 
(text-fig. 2), and from this the current-producing mechanism can he deduced. 

The main features of the trunk-limb movements which can be observed directly are as 
follows : — 

1. The limbs move backwards and forwards rhythmically. 

2. The posterior limbs move backwards before the anterior. 
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Text-fig. 2.-Diagram to show the oscillatory movements of the trunk limbs and the passage of the food stream. 




sixth in phase III, and so on. Between phase I and II the eighth pair move backwards to 
their fullest extent, rotating inwards at the same time. They take from phase II to phase 
to return to their normal position. The seventh pair take from phase II to phase IV to move 
backwards, and from IV to II' to return again. They do not rotate backwards so much 
as the eighth pair. The sixth take from III to VI to move backwards, and the fifth from i\ 
to VIII and so on. The fourth pair show normal periodic motion, and from the fourth to the 
first pair the amplitude increases and the hack-stroke becomes progressively later. 

The water currents can he deduced from this chart. Firstly, water cannot pass into the 
filter chamber from behind, because the eighth pair of limbs are interlocked by a mat of 
feathered set® (p. 362). It cannot pass in laterally, because the exopodites and epipodites 
overlie each other in such a way that water in attempting to pass in from outside would simply 
press them closer together. These structures are thin and not very rigid, and their valvular 
action can be understood by comparing them with the leaves of a book, their attachment 
to the main axis of the limb corresponding to the binding of the book. Water could be forced 
between the pages from the binding outwards, but not in the reverse direction, or, more 
strictly, in the latter case either the pages would stick together or a large space would be 
established between two consecutive pages, but nothing corresponding to this takes place 
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in Nebalia. There is no marked and persistent gap between any two epipodites. The water 
is prevented from entering the filter chamber ventrally by the mat formed by the distal ends 
of the trunk-limb endopodites. Anteriorly the filter chamber is, during normal feeding, open, 
and it is from this direction that water enters. 

Between phase I and II the space between limbs 7 and 8 is increased by the backward 
and rotational movement of the eighth limbs. There is not much room for the limbs to move 
backwards owing to the ventrally projecting first pair of pleopods, but this decreased amplitude 
is counterbalanced by the inward rotation of the limbs. This must suck water from the anterior 
part of the filter chamber backwards. Between phase II and III water is similarly sucked 
backwards into the space between trunk limbs 6 and 7 by the backward motion of the seventh 
pair. But, at the same time, the space between the seventh and eighth limbs is diminished, 
and this forces water out from the posterior part of the filter chamber between the exopodites 
and epipodites of the seventh and eighth limbs to the exterior. The suction of water by the 
other limbs can be similarly followed. It will be readily seen that wherever, in passing from 
one phase to the next, the distance between any adjacent pair of dotted lines increases, this 
indicates that the space between the limbs represented by those dotted lines is increasing, 
and therefore water must be sucked into that space. Thus, from phase Y to VIII it can be 
seen that water is being sucked in from the outside into the anterior part of the filter chamber. 
This water does not pass out between the exopodites of the anterior limbs as it does posteriorly, 
because, before it has time to do this, the eighth pair of limbs suddenly jerks back (between 
phase I and II) and so draws this water back to the posterior part of the chamber before 
passing it to the exterior. In this way all the water entering anteriorly is forced to pass 
practically the whole length of the filter chamber. 

Thus, while all the endopodites can be termed inhalent pumps, only the posterior ones act 
as exhalent pumps, and that they are real pumps and not mere valves can be seen from the 
diagram. As the space between the seventh and eighth limbs is diminished, the inner edges 
of the endopodites come closer together than the outer, so that water must be forced out 
laterally. The exopodites and epipodites are the only parts of the limbs acting as true valves. 

The above description applies to the normal quick-feeding movement. When the animal 
becomes sluggish there is no noticeable difference between the movement of the anterior and 
posterior limbs. 

The Filter Mechanism. 

In order to describe how the trunk limbs filter off the food particles, the setae arming the 
inner edges of the trunk limbs must first be described. The set® of the first and eighth limbs 
differ from the remainder, and so one of the middle limbs will be described. 

There are four rows of setae projecting from the inner edge of the endopodite (text-fig. 1). 
The first three project antero-medially, while the fourth projects postero-medially. The 
first and third rows form the actual filtering walls of the filter chamber. They consist of 
extremely fine, closely set set® irregularly feathered with minute setules, too fine to represent 
without exaggeration in any of the figures. The anterior tips of the first-row setae project 
in between the third-row setae of the limb in front. In addition, the tips of the setae are 
hooked. Those of the first row curve inwards and downwards, those of the third row curving 
inwards and upwards (text-fig. 3). In this way the setae of the first and third rows are hooked 
together in a manner reminiscent of the barbules and barbicels of a feather. They thus 
form one continuous zigzag wall on either side of the filter chamber (text-fig. 1). Although 
it cannot be observed directly it is extremely probable that in the oscillations of these limbs 
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this filter wall is never broken. The set* can slide over each other, but their hooked ends and 

bisattwt Cy^rTsimply forwardly “directed 

straight more robust than the remainder of the row, and can be looked upon as groups of 

gnathobasic setts (text-fig. 4a). m . n w-.t backwards in between the first- 



row set® of the limb behind (text-fig. 3). They extend the whole length of the third row, but 

are not as numerous (text-fig. 4a). ... . 

The second row consists of ten long, heavily feathered set* situated on the distal t wo -t Mr as 
of the coxopodite. The proximal seta is about the length of one of the first-row set*, but the 
length increases until the distal seta is just over twice this length. They pass ventro-medial y 

and then turn sharply forwards (text-fig. 4a). 

Claus also describes this setal armature (1889, pp. 28-29). The first row he calls the 
“randstandige Reihe, RE,” the second the “ Zwischenborsten, ZB,” the third the “Seiten- 
reihe, SR,” and the fourth the “ Nebenreihe, NR.” Unfortunately, in his fig. 2, Taf. 4, which 
has become the classical figure of the Nebalia trunk limb, the row RR is wrongly labelled, and 
in fig. 5, Taf. 4, either the setal rows are incorrectly labelled or else the epipodite and exopodite 
are figured on the wrong side of the limb. Claus does not mention the interlocking of the 
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under the microscope. Any particles that happen to get past these “brush set®” will pass 
w th the u”ent on to the filter walls formed by the first- and third-row seta, and here they will 
b Ipos ted They will then be combed off by the stiff set* o the fourth row and pushed 
baci "to he filter chamber. Here they will either be caught by the more posterior brush 
setter they will pass back with the food stream and be fi Here* 

parts of the filter wall. They will then be again combed off, but ultimately, as the filter 
chamber becomes narrower, they must be caught on the brush set*. 

In the backward and forward movement of the limbs the brush set* must swing periodi- 
cally up towards the food groove. Owing to this and to the fact that the distal brushes are 
much longer than the proximal, and further, that the phase of the posterior limbs is always 
in front of the more anterior, food gathered on any brush seta wr 1 be passed forwards and 

upwards towards the mid-ventral line. Thus in text-fig. 5 a particle on the distal brush seta 

^ ^ of the posterior limb will, m the most 

anterior position of the limb, reach the 
^ sefae spot X on a level with the seventh seta of 

on+erjo^ the limb in front. In its backward move- 

^ — 1j,usV ’ ment, which will take place before that of 

5etoe the limb in front, the brush set* of the 

— '^1'*""')/ latter, since they are heavily feathered and 

“ 7 "* j point forwards, will brush the particle oil 

path of food/ / / the seta of the posterior limb so that the 

rtrulh^efT / / particle will become shifted both forwards 

^ I j and upwards towards the gnathobasic set* 

/ / on the proximal parts of the limbs. 

j / Thus, to summarise the filtering action 

• of the trunk limbs, suspended food is 

Text-fig 5 -Diagram to illustrate the action of the brush setse .in gathered chiefly On the SeCOlld IOW blush 

■ set* oi the anterior limbs. Any stray par- 

thick lines. tide is filtered off by the first- and tlurd- 

row filter set,*, combed off again by the fourth-row comb set®, and ultimately caught by 
the more posterior brush set*. The brush set* automatically pass the food upwards towards 
the mid-ventral food groove. Here the only set* forming the walls are the stiff proximal 
gnathobasic set* of the first row, and they simply pass the collected food forwards on to the 

It has already been mentioned that the first and eighth trunk limbs differ m their setai 
armature from the others. On the eighth limb the first row is normal, but the second row is 
represented by about six or fewer brush set*. The fourth row is absent, as might be expected 
from the function of this row in more anterior limbs. The third row project medially and 
slightly backwards, and interlock with their neighbours from the other side. They are covered 
with setules and so form a mat that effectively prevents particles entering the filter chamber 
from behind. 

On the first trunk limb the third and fourth rows are normal. The second row consists 
as in the normal limb of ten set*, but these are all arranged close together on the proximal 
half of the coxopoditc. They are heavily brushed, but are shorter than the normal. The 
first-row set* are not hooked, and again this might have been expected. An additional differ- 
ence in this row is that set* 11 to 16 and seta 21 are very stout and heavily armed with setules. 
This arrangement is constant in all the specimens examined. From text-figs. 4b and 4c it 


Text-fio. 5. 













THE FEEDING MECHANISM OF NEBALIA BIPES. 


863 


can be seen that the group of setae 11-16 overlie the second endite of the maxilla, while seta 
21 stretches across the third endite. Claus, in his figure of this limb (1889, Taf. 3, fig. 10), 
does not indicate these differences. The first row of setae have not developed the filtering 
function. They function in pushing the food forwards on to the mouth-parts so that these 
first trunk limbs might be termed maxillipeds. 

The collected food mass is manipulated into the mouth by the true mouth-parts. These 



Text- fig. 6. — Drawing of an oblique frontal slice to show the arrangement of the mouth-parts. 


have been described in detail and figured by Claus (1889), but in certain essential points 
his descriptions are lacking and his figures incorrect. 

The upper lip is similar to that of Mysis, but as the incisor processes of the mandibles 
are very small and widely separated, and thus do not act as biting parts, the labrum extends 
backwards underneath the molar processes more than in a Mysid. The entrance to the mouth 
from the tip of the labrum thus slopes forwards and upwards instead of directly upwards. 
The lower lip is deeply cleft as in all primitive Malacostracan groups. 

The maxillule bears two endites and a long recurved palp similar to that of the primitive 
Mysid Gnathophausia. The distal endite bears two rows of large spatulate setae and a few 
feathered ones (text-fig. 4<2). The proximal endite bears nine long, thin setae covered with 
minute setules on their posterior (median) surface, and distally three short, stout, feathered 
TRANS. ROY. SOC. EDIN., VOL. LV, PART II (NO. 15). 59 
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The protopodite of the maxilla bears three endites. The second and third, arising from 
the basipodite, bear setae which point inwards and slightly forwards and are arranged irregu- 
larly in three rows (text-fig. 4c). The coxopodite bears three rows which show a marked 
similarity to the first three rows of a middle trunk limb. The third row consists of three or 
four setse only on the distal part of the joint. The second consists of ten setae closely arranged 
as in the first trunk limb and projecting antero-medially. The first three of these setae are 
longer and are not feathered as are the others. The first row consists of twelve fine setae 
passing directly forwards to lie just inside the setae of the proximal maxillulary endite (text- 
fig. 6). Thus both in the maxillules and maxillae the planes of the distal and proximal endites 
are at right angles to each other. Claus did not figure this, but it is obvious that this arrange- 
ment is of extreme importance in the feeding mechanism. 

Food gathered by the more posterior trunk limbs will be only the minutest particles, and 
these, as explained above, will be passed into the ventral food groove and forwards by the 
gnathobasic setae of the first trunk limb. From the first trunk limb they are passed forwards 
on to the basal endites on the maxilla, and thence on to the basal maxillulary endite, and so 
direct between the paragnaths on to the molar processes of the mandibles. 

Larger food particles cannot possibly get past the barrage of feathered set* that they 
meet at the entrance to the filter chamber. Being large, they require mastication, and this 
is carried out by the distal maxillulary endites. They are caught on the anterior food brushes 
and passed forwards between the maxill* directly on to these endites. The maxill* are 
usually held comparatively wide apart, and when the animal is feeding on a heavily laden food 
current, food accumulates in the space between them. It is then passed forwards by an inter- 
mittent, not rhythmical, inward motion of the maxill*. The oblique arrangement of the 
set* on the distal endites converts this motion partly into a forward one, and so the food is 
transferred on to the biting endites of the maxillules. A group of long set* at the base of the 
maxillary endopodite also assist in this transfer. When food accumulates to any greater 
extent the mandibular palps are bent back and the food mass pressed directly towards the 
mouth. This has the double result of placing the food on the masticatory endites and at the 
same time blocks the way for any large food particle, and so holds up food gathering until 
the mass already gathered has been dealt with. 

The masticating movements of the distal maxillulary endites are upwards as well as 
inwards, as can be seen from the musculature (text-fig. 7), so that when the food has been 
masticated it is passed upwards on to the proximal endites and so on to the mandibles. 

Discussion. 

The interest of the feeding mechanism of Nebalia is that it can be divided into two parts, 
firstly, one for feeding on large particles, and secondly, a true filter-feeding mechanism for 
minute particles. The interest of the former lies in its close similarity to that of Hemimysis; 
that of the latter, in that it is unique. 

The chief difference between the mechanisms of feeding on large food of Nebalia and 
Hemimysis is that the former cannot readily pick up directly large food particles. The 
possession of a large carapace in correlation with mud-living habits in Nebalia makes this 
difficult, but not impossible, as I shall emphasise later on. Another difference is that Nebalia 
does not carry biting incisor processes on its mandibles, so that the preliminary mastication 
of food is carried out entirely by the maxillules and not shared with the .mandibles as in 
Hemimysis. Correlated with this same difference is the absence of asymmetry between the 








PROFESSOR H. GRAHAM CANNON ON 


•Am f 


NeUia In Hmimym the marked asymmetry is of functional importance in 
by the incisor processes upwards on to the molar processes (Cannon 

aiKl AnaTtTromftese differences the simrlarity is very striking. The labmm paragnaths, 

from th! more posterior limbs in being modified for pushing food towards the mouth and tins 
is exactly parallelled in Hemmysis. Both hear strong gnathobasic set© on the protopodite. 

Thffilter-feeding mechanism of Nebalia is a true filter, that is a food-bearing current is 
passed through a definite sieve on which the filtered particles are deposited In Diaptomm 
according to Storch and Pfisterer (1925), and in Hemtmysis (Cannon and Manton 1927), 
a Sir true filtering mechanism is to be found. But in Nebaha the filters are also the 
current producers. In Diaptomus the maxilla is a passive filter the maxilli ale suchmg wa er 
through it. In Hemimysis the filtering endite of the maxilla is also passive, but the vibration 
of the°exite and, in fact, of the main part of the limb assists m sucking water through he 
filtering set©. The main food current is, however, produced by the thoracic-limb exopo , 
while in Nebalia the trunk-limb endopodites are alone responsible for both the production 

and the filtering of the food stream. „ r i v -i.. 

The filtering mechanism of Nebalia is unique among the Crustacea, whose feeding habits 
have hitherto been investigated. Storch (1925, p. 83), in his attempt to derive all filter 
mechanisms from that of the modern Anostraca, finds similarities between Nebaha and such 
forms as GUrocephalus. He states that the eight trunk limbs of Nebaha, even m their 
finer details,” closely resemble the Phyllopodium, and quotes Claus (1889) m support. Claus 
certainly mentions the similarity between the two types of limbs, but proceeds at once (p. 2b) 
to point out that a study of the limbs of Paranebalia establishes that the similarity is ^super- 
ficial and that the leaf-like limb of Nebalia evolved from a biramous “Schizopod limb. 
But Storch states further (p. 88), “Nach allem zu urteilen, was man fiber Bau und Lagerung 
diese Beine weisz, sowie insbesondere auch fiber den Bau der Mandibel und der beiden Maxilien, 
stehe ich nicht an, die Yermutung auszusprechen, dasz auch von den Mundgliedmaszen und 
Thorakalbeinen der Leptostraca ein ganz ahnlicher homopodialer Fangapparat mit ganz 
ahnlichen, zum Teil von den homologen Beinabschnitten zusammengesetzten, zum Teil 
(Vorbringevorrichtung) freilich in anderer Weise gebildeten Teilmechanismen zusammen- 
gesetzt wird, wie wir ahnlich bei den homopodialen Phyllopoden (insbesondere den Anostraca 
und Ctenopoda) kennen gelernt haben.” In this quotation he does not state definitely that 
there are structural similarities between the trunk limbs and mouth-parts of the two forms, 
but it is a mere valueless conjecture unless this similarity is implied. Actually the arrange- 
ment of the trank limbs and especially of their inner setal armature is totally different in the 
two cases. The mandible of Nebalia with its large, typically Malacostracan palp shows no 
similarity whatever to the mandible of any Branchiopod. The maxillules of the Branchiopoda 
might be compared to the proximal endite of the maxillule of Nebalia, but no Branchiopod 
maxillule bears a recurved palp. Finally, the maxill© of the two types are about as different 
as any two Crustacean limbs can be. Unfortunately Storch does not give any further details 
in support of his remarkable comparisons. 

However, one important feature precludes any possibility of deriving the Nebalia 
mechanism direct from that of the Anostraca. In the latter the main food current passes 
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anteriorly (Lundblad, 1920) along the mid-ventral food groove. In Nebalia it passes pos- 
teriorly. In advancing any hypothesis deriving one type of feeding mechanism from another 
functional continuity is essential, and this is impossible if it is attempted to derive the Nebalia 
type from the Anostracan type, for at one stage in the transition the food current would have 
to pass neither backwards nor forwards, and this, of course, would involve the non-functioning 
of either mechanism. 

The similarities between Nebalia and a Mysid, as Claus pointed out, become much more 
significant when Paranebalia is considered. In this form the trunk limbs are not markedly 
foliaceous. The endopodites are not very flattened, but they terminate in a brush of long 
setse turned sharply back at right angles just as in Nebalia. The exopodites differ markedly 
from those of Nebalia and closely resemble those of a Mysid, or, in fact, any primitive Malacos- 
tracan. They commence with a large muscular basal joint and taper away distally in a many- 
jointed, whip-like limb fringed on either side with setse. Paranebalia thus forms in this respect 
a link between a primitive Malacostracan, e.g. a Mysid and Nebalia. 

Now, Hemimysis and, as Miss Manton and I hope to show shortly, all primitive Mala- 
costraca possessed two separate methods of feeding, one for feeding on large particles and the 
other a filtering mechanism which resulted from their swimming activities. Certain Mysids 
took to burrowing in the mud and, in correlation, developed a large enveloping carapace 
and became the Cumacea. Parallel with this I believe that another group of Mysids, or else 
some other primitive Malacostracan group, also took to burrowing and gave rise to the Lepto- 
straca. Prom the morphological standpoint this is quite possible when, as Claus pointed out, 
Paranebalia is taken into account. Prom the functional standpoint also I think it is quite 
feasible. Of the two feeding mechanisms at the disposal of this ancestral form the filter 
mechanism depended on the rotary swimming movements of the trunk-limb exopodites. 
Naturally the mud habitat would obviate the necessity of these swimming activities, and so, 
with their disappearance, the method of filter feeding would be discarded, and the ancestral 
Nebalia would have fed simply on large pieces of detritus picked up directly by its mouth- 
parts. The large carapace then developed probably as a protection for the supposed respira- 
tory organs, the epipodites. This would not put the large food mechanism out of action, 
because even in a modern Nebalia the mandibular palps project beyond the carapace edges, 
but it must have led to an alteration in the mode of progression. The ancestral Mysid w r allied 
on its endopodites as does Maeromysis nowadays. The carapace must have put these out of 
action as ambulatory limbs, and the oar-like action of the antennules developed in compensa- 
tion. Now I pointed out earlier that this action of the antennules, in pushing the animal 
through the mud, must tend to suck mud particles into the anterior opening of the carapace. 
Thus, as a result of the burrowing habits, an irregular backvardly directed current entering 
the space over the mouth-parts would be established. The paddling action of the Nebalia 
limbs then developed to enhance this backwardly directed stream, and as a further adaptation 
the trunk limbs developed their foliaceous character. 

The increased food stream brought more food to the mouth, consisting both of large 
particles and of particles too small to be dealt with by the mouth-parts, and a new filtering 
mechanism developed as a means of utilising this fine suspended food. 

Thus, by combining the study of the structure of the limbs of Nebalia with a considera- 
tion of the way in which those limbs are used, I conclude that Nebalia is not, as Hanskn 
(1920, p. 75) states, the lowest among the Malacostraca, but is a form, highly specialised in 
correlation with its mud-living habits, that has evolved from some primitive Mysid-like 
Malacostracan. 
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If my views are correct, the filter mechanism of Nebalia represents an entirely new pro- 
cess involving a complete rearrangement of parts, but, while those parts may be homologous 
or 11 structurally continuous” with more primitive Crustacean limbs, the way in which those 
parts are used is “functionally discontinuous” with the ancestral mechanism. This can be 
taken as an example of Dollo’s Law applied to functions. The primitive filtering mechanism 
disappeared, and with the re-establishment of a filtering method of feeding the original 
mechanism did not return, but an entirely new method was established. 

I have already pointed out that Paranebalia leads on to Nebalia. While the setal arma- 
ture is practically' the same, the trunk limb of Nebalia is much more foliaceous than that of 
Paranebalia, and hence the filtering mechanism is probably more efficient. Nebaliopsis shows 
a development beyond Nebalia. The trunk limb of this form is simply a large lobed plate, 
all trace of the segmentation of the endopodite having disappeared. In its mouth-parts 
Nebaliopsis shows some interesting modifications. Firstly, the first trunk limb differs very 
markedly from the more posterior limbs, its proximal, gnathobasic setae being very well 
developed. The maxilla is very large and does not carry a heavy distal armature of setae 
as in Nebalia. It looks very much like the proximal part of the first trunk limb. These 
two limbs armed with setae point tow r ards the mouth, and are probably the main gnathobasic 
structures. Correlated with this, the maxillule, especially the proximal endite, is very small. 
This character, together with the absence of distal setae on the maxilla and the small size of the 
mandibular palp, suggest in my opinion that Nebaliopsis is entirely a filter feeder. 


Summary. 

1. Nebalia is a mud-living form feeding on food particles filtered from a food stream 
produced by its foliaceous trunk limbs. 

2. The food stream enters anteriorly and makes its exit at the posterior end of the 
carapace. 

3. The current is produced by the oscillatory movements of the trunk limbs. The 
anterior limbs are the main inhalent pumps, the posterior being exhalent as well as inhalent. 
The exopodites and epipodites act as valves allowing water to pass out posteriorly and pre- 
venting water passing forwards. 

4. The trunk-limb endopodites are armed along their inner edges with four rows of setae. 
The first and third rows are hooked and those of successive limbs interlock, forming a con- 
tinuous filter wall on either side of the median chamber between the limbs. The fourth form 
a row of comb setse combing the food off the filter walls, and the second a row of brush setae 
sweeping the food upwards towards the mid- ventral food groove. The proximal setae of the 
first row are stout and are not hooked, and form a gnathobasic series pushing the collected 
food towards the mouth. 

5. On the eighth trunk limb the fourth-row setae are absent, and the third rows interlock, 
forming a wall preventing the entrance of water into the filter chamber posteriorly. 

6. On the first trunk limb the first-row setae are not hooked, but two groups towards the 
base of the limb are very stout and function in pushing large food particles directly on to the 
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9. Prom a comparison with Parcmebalia it is suggested that Nebalia evolved from a 
Mysid, or some other primitive Malacostracan possessing a feeding mechanism similar to that 
of Hemimysis , that took to mud-living habits. The foliaceous limbs are in no way primitive, 
but evolved from typical biramous Malacostracan limbs in connection with the new method of 
filter feeding. 
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XYI. — Air-Bladder and Lungs : A Contribution to the Morphology of the Air-Bladder 
of Fish. By Frances M. Ballantyne, B.A., Department of Zoology, University of 
Glasgow. (With Thirty-seven Figures.)* Communicated by Professor J. Graham 
Kerr, F.R.S. 


(MS. received November 8, 1926. Read January 10, 1927. Issued separately, July 22, 1927.) 

Introduction. 

In view of the frequent appearance, even in technical literature, of the old-fashioned idea 
that the lung of the tetrapod has evolved out of the air-bladder of fish, further work on 
the morphology of the air-bladder seems desirable. The theory of an air-bladder origin of 
the lung was brought forward by Boas, who based his view on purely theoretical arguments, 
which have, however, not found support in the facts brought to light by the advance of our 
knowledge of the embryology of the more archaic vertebrates. 

It is generally accepted that there is no air-bladder in the Elasmobranehs, though, accord- 
ing to the observations of Miklucho-Maclay (25), there is a very transitory rudiment in the 
young stages of Galens, Mustelm, and Acanthias. Paul Mayer (24), in dealing with Miklucho- 
Maclay’s paper, states that the supposed air-bladder rudiment is simply the early stage of 
one of three large and distinct glands present in the adult, the other two of which are ventral 
in position. This seems conclusive, but in regard to his criticisms of the rest of Miklucho- 
Maclay’s paper, I do not think his reasoning is sound. His only argument against the 
existence of the rudiment in Calms, and Acanthias is that he has not found it in much older 
specimens. But if the air-bladder is only a vestigial organ in these fish, one would not expect 
to find it persisting until the later stages of development. Further investigation might be 
of value, especially in view of the widespread tendency of the air-bladder to become reduced 
even in such primitive fish as Acipenser and Scaphirhynchus, not to mention the more highly 
specialised benthotic Teleosts. 

The air-bladder is a well- developed organ in most Teleosts and in the Dipnoi, though its 
adult form varies very considerably in different groups. In the Dipnoan Lepidosiren and 
Protopterus, and in the Crossopterygian Polypterus, there are two well-developed lungs opening 
ventrally into the alimentary canal. In Ceratodus there is a single lung, which, though lying 
dorsal to the alimentary canal, yet communicates with the ventral Avail of the oesophagus, its 
pneumatic duct passing round the right side of the canal. In the Teleosts, the air-bladder is 
a dorsal sac, opening in the Physostomes into the alimentary canal either dorsally or laterally, 
and in the Physoelisti, having in the adult no such communication with the alimentary canal. 

As regards the evolutionary history of the organ, there have been two main theories ; 
one of which regards the air-bladder as an organ mi generis, whereas the other traces the 
homology of the air-bladder with the lungs of other vertebrates. The first of these theories 
was supported by Wiedersheim (40). It was largely based upon his observations upon 
Dipnoi which have been proved to be erroneous, and the view can no longer be entertained in 
the light of our further embryologieal knowledge. 

The second of the two theories is due especially to Sagemehl (86), who based his view 
on the great variability in position of the glottis in different fishes, especially in the Characinidas. 
Professor Graham Kerr’s (19) results, on Polypterus and the Dipnoi, make it impossible to 
avoid accepting this view. The early stages of development of the organ in Polypterus and 

* I desire to thank the Carnegie Trustees for the Universities of Scotland for a grant in aid of the cost of the illustrations. 
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the Dipnoi are identical with toe of a typical lung. In Polyp es, winch u, tine respect „ 
more archaic than the Dipnoi, the two lungs are not of equal sme the larger nght lung assuming 
sTdmsal position where it is not balanced by the left lung. Tins posterior part of the ngh 
supplied by both the right and the left vagus nerves the left nerve crossmg over dorsal 
to Sre alimentary canal. This is very important, since ,t foreshadows the crossing oi the 
nerves in the Dipnoi, a fact which eaused great difficulty m understanding the anangement 

of the lungs in this group. 



Fig. 1. Lung rudiment of Gcratodus at an early stage when the lung extends back 
and towards the right only. 



Lettering for all Text-figs. : B, brain; N, notochord; a.b, air-bladder; ax, alimentary 
canal; a.h, anterior horn of air-bladder; cxi, cceliac artery; d.ao , dorsal aorta; 
gl, glottis; k, kidney ; l, liver; ll, left lung ; l.p.a, left pulmonary artery ; l.p.n, left 
pulmonary nerve ; p.a, pulmonary artery ; ph 9 pharynx ; rX, right lung ; r.p.a 9 right 
pulmonary artery ; r.p.n, right pulmonary nerve ; spx, spinal cord. 

Each division of scale, except in Fig. 6 I), represents 0*01 mm. 

In the Dipnoi the right nerve and the pulmonary arteries show clearly that the lungs 
have travelled round the right side of the alimentary canal to take up their adult position, 
and the apparent contradiction provided by the crossing of the left pulmonary nerve dorsal 
both to the alimentary canal and to the right nerve, is explained when the crossing is found 
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The object of this paper is to review and extend observational knowledge bearing on the 
question, by studying in detail the air-bladder as it exists in the adult and the embryonic 
stages of the more primitive types of existing fish. The material used has consisted of embryos 
and adults of Amici, Lepidosteus, Acipenser, and Gymnarchus, while adults of Scaphirhynchus 
and embryos of Ceratodus and Gallichthys have also been examined. 

Ceratodus. 

As has been stated above, in Ceratodus the whole lung lies dorsally, though the pneumatic 



Fig. 2. Lung rudiment of Ceratodus, -showing the vestigial left lung ; 15 mm. embryo. 


duct passes round the right side of the alimentary canal to open into the ventral wall of the 
(esophagus. There is only one lung in the adult, and the left lung is only vestigial in the 
embryo. As N stoma yer (28) has described, the lung first appears as a small, ventrally directed 
evagination of the ventral wall of the alimentary canal. This grows ventrally and caudally 
at first, and then begins to turn to the right and upwards round the alimentary canal. The 
lung rudiment at first passes straight down ventrally and then turns almost at a right angle 
and extends back caudally. At a slightly later stage the ventral end of the pneumatic duct, 
if we may so call the anterior vertical part of the lung rudiment, becomes broadened out 
towards the left side. This is figured both by Gregg Wilson (41) and by Neumayer, and 
the latter says that this left process of the widened-out end of the primitive lung cavity may 
represent the rudiment of the left lung. 

In the sections which I have examined, there is no trace of this left process in the earliest 
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dorsal to the alimentary canal and to the right nerve as in other Dipnoi, but, as shown by 
Professor Graham Kerr (18), this is to be regarded as a secondary arrangement. 


Amia. 

The next probable step in the evolutionary history of the air-bladder is illustrated by 
Amia. In Amia (fig. 4) the air-bladder of the adult is a large, very vascular sac, lying in the 
dorsal mesentery and extending from the level of the pectoral fins almost to the end of the 
body cavity. It is distinctly bilobed in front and tapers slightly towards the posterior end. 
The walls are membranous with a complicated network of blood-vessels, giving a spongy 
appearance to the organ. The short pneumatic duct, leads from the front of the air-bladder 
to the glottis situated in the mid-dorsal wall of the alimentary canal, a little behind the last 
gill cleft. The blood supply is by typical pulmonary arteries from the sixth aortic arch of 



Fig. 5. — 0, 0 nun. embryo. 


each side. This artery (r.p.a.) is given off at the bend of the gill arch, passes inwards under 
the cardiac branch of the vagus, and then turns tailwards along the outer side of the pulmonary 
branch (r.p.n.) of the vagus nerve. Just after entering the body cavity, the artery bends 
under the nerve so that it enters the air-bladder internal, and somewhat ventral, to the nerve. 
Both artery and nerve enter the bladder on its ventral side, on either side of the pneumatic 
duct. The eoeliac artery (c.a.) crosses dorsal to the artery and nerve on the right side, as 
one would expect it to do if the air-bladder had been originally ventral. The veins run along- 
side the artery and nerve until they enter the posterior cardinal vein. In front of this, for 
some distance, the artery and nerve are closely pressed against the wall of the posterior cardinal 
vein. 

In development the air-bladder of Amia first appears in an embryo of about 7 mm. length 
(fig. 5, A), as a very minute pocket of the right sido of the dorsal wall of the alimentary canal, 
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Pig. 5. — D, 12 mm. embryo. 


19 mm. embryo. 
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0*1 mm. 

Fig. <5. — Reconstruc- 
tions from horizontal sec- 
tions of air-bladder of 
Amla, A , 10 mm. em- 
bryo. 


well to the right of the mesentery Piper (29) describes the first rudiment as mid- dorsal, but 
his figure shows the opening a little to the right with the tip still further 
over to the right. This is a later stage than that represented by the 
7 mm. embryo. 

The rudiment gradually increases in length, becoming an open groove 
in the wall of the canal, and by rotation of the oesophagus, it- tends to 
become mid-dorsal in position (fig. 5, C). The simple groove becomes 
T-shaped, as seen in transverse section (fig. 5, D, E), and the left branch 
of the T grows back as a tubular sac lying dorsal to the alimentary 
canal, and a little to the left side of the median plane. 

Gradually the groove becomes closed off from the alimentary canal 
from behind forwards, and the cavity of the air-bladder becomes larger 
and the right branch of the T-shaped part merges with the left to form 
the long vascular sac of the adult, lying mid-dorsally in the body cavity 
(fig. 6, A~D). This process is comparable with that by which the left 
lung rudiment in Geratodus gradually disappears into the general contour 
of the persistent right lung ; for in comparing the dorsally placed sac in 
Amia with the typical, ventral lungs, it must be borne in mind that the 

left side of the air-bladder of Amia represents 
the morphologically right side of the lungs. 

Therefore in Amia, the air-bladder may be 
considered as the persistent right lung as in 
Geratodus. Here, however, the rotation of 
the alimentary canal has brought the glottis 
round to the right side of the dorsal wall, when the rudiment 
first appears, and by further rotation to the mid-dorsal line in the 
adult. It is of interest to note that in the embryos of Amia and 
other Ganoids the alimentary canal hangs free in the body cavity, 
and is therefore free to rotate ; whereas in the embryo of Ger- 
atodus, the oesophagus is firmly embedded in connective tissue. 

Another point which emerges from a study of serial sections 
and which deserves to be emphasised is that the position of the 
stomach, well down on the left side, is such as would seriously 
interfere with the left lung were one present. In the absence 
of a similar handicap in the case of the right lung, we have a 
factor which probably played an important part in initiating 
the' predominance of the right lung over the left, which is seen 
in the evolutionary history of the air-bladder. 

The fact that the arteries are not crossed in Amia is ex- 
plained when it is noted that the air-bladder is already a large, 
well-developed sac when the last gill cleft is first opened. The 
first appearance of the air-bladder is in a 7 mm. embryo, but 
the gill clefts are completely developed for the first time in a 
12 mm. embryo, in which the air-bladder is already approxi- 
mately 1 mm. long. This is the first stage at which the arteries 
can be traced, so that the principle of economy of tissue would naturally account for the 
left artery taking a short cut to the left side of the air-bladder. 
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The nerves (fig. 7) also go straight to the same side of the air-bladder — left nerve to left- 
side — but the condition in Polypt-erus, of the nerves to the posterior part of the right lung, 
foreshadows this arrangement. As already noted, the cceliac is dorsal to the right artery 
and nerve, thus showing a trace of a more primitive arrangement. 


Lepidosteus. 


Another step towards the Teleostean air-bladder is shown in Lepidosteus. As in Amia, 
the air-bladder is typically lung-like ; the vascular network of the walls is very intricate, and 
is supplemented by blood-vessels running across the cavity of the sac and forming pockets 
at the sides of the main cavity. In the adult, the glottis is mid-dorsal, but somewhat further 


forward than in Amia, and opens immedi- 
ately behind the pharynx. The nerves are 
pulmonary branches of the vagus on either 
side ; the blood-supply, however, is not 
from the sixth aortic arch, but from numer- 
ous arteries coming straight from the dorsal 
aorta. The veins also are numerous and 
enter the posterior cardinal veins. 

According to Makuschok (22), the air- 
bladder appears first in an embryo of about 
8 mm. length, as a mid-dorsal diverticulum 
of the posterior part of the oesophagus. 
The, at first, small and circular glottis 
extends forwards, giving the appearance of 
an immediately post-pharyngeal origin for 
the air-bladder. 

In embryos of 12, 15, and 18 mm. 
length, which I have examined, the lung is 
well developed and extends through almost 
the whole length of the body cavity. It 
has distinct processes to the right and left 
anteriorly, reminding one of the T-shaped 
part of the air - bladder of Amia. Re- 
constructions from horizontal sections of 




Fig. 7. — Diagram to show nerves and arteries of the lungs of : 
A, Potypferu#*- B, Lepulosiren. 0, Amia. 


these three stages seeiu to indicate that the rudiment is at first a simple sac, and that 
the processes to right and left develop later. In the 12 mm. embryo there is a long, 
straight sac with, at the anterior end, a small process on the left side. In the 15 mm. speci- 
men this process has become much larger, and another process to the right has appeared. 
Li the 18 mm. embryo the left pocket is disappearing into the general contour of the lung, 
the right process being still distinct. Makuschok only figures earlier stages than this. 

In embryos of 11 and 10 mm. length, transverse sections show that the air-bladder, at 
the anterior end near the pharynx, is a mid-dorsal groove in the wall of the apparently solid 
oesophagus. As the cavity of the oesophagus appears farther back, the cavity of the groove- 
like rudiment of the air-bladder also appears, and finally the groove becomes cut off from the 
alimentary canal and extends for some distance as a tubular sac, lying mid-dorsally in the 
body cavity. This is very like a corresponding stage in Amia. 
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In the sturgeons, as we might expect from their ground-feeding habits, the air-bladder 
is in a very much reduced condition, and probably represents a stage when both the respiratory 
and the hydrostatic functions have degenerated owing to life at the bottom of the water. 
The air-bladder lies much farther back in the body cavity than in Amia and Lepidosteus, and 
the glottis opens into the anterior end of the stomach (fig. 8). 

Acipenser and Scaphirhynchus. 

Macallum (21), in describing the alimentary canal of Acipenser , states that, from the 
histological structure of the walls of the canal, the oesophagus may be said to extend just 
posterior to the opening of the pneumatic duct, so that here also the air-bladder is in reality 
a diverticulum of the oesophagus. 

According to Eauther (30), the size and development of the air-bladder varies very much 



Fig. 10. — Earliest stage in development of air-bladder of Acipemer ; 28 mm. embryo. 


in different species of Scaphirhynchus. In 8. fedtschenkoi, it is only a small sac with a rudi- 
mentary cavity opening into the hinder part of the oesophagus, although in S. rafinesquei 
it is a long sac with a large pneumatic duct. In 8. ■platyrhynclms (fig. 9), specimens of which 
I have dissected, it is a fairly large membranous sac with a curious, tough, fibrous lining to 
the dorsal and lateral walls. It lies dorsally in the middle of the body cavity. 

In development the air-bladder in Acipenser does not appear until lade — another step 
in the process of degeneration. The very first rudiment is seen in an embryo of 28 mm. length 
(fig. 10), where it is a diverticulum of the lining of the alimentary canal. The opening is well 
over to the right side, and the tip of the diverticulum, which is directed towards the left, is 
distinctly bilobed. This diverticulum causes the outer wall of the alimentary canal to bulge 
very slightly. In an embryo of 30 mm. length (fig. 11, A), the air-bladder rudiment is a very 
small pouch on the proximal part of the stomach. In a specimen of this size the alimentary 
canal is fully formed and has reached its adult condition except in size. The air-bladder 
rudiment is nearly mid-dorsal and is a simple sac. In further stages it increases in size, 
especially in length, until it attains its adult structure (fig. 11, B-C). 


384 


FRANCES 


rgg m. BALLANTYNE ON AIR-BLADDER AND LUNGS : 



The development of the air-bladder m hijmnmcuu* 
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-Dissections of the alimentary canal and the air-bladder rudiment of Acipenser 
A, 30 mm. embryo. B, 50 mm. embryo. 


coming together into the dorsal aorta. In the adult the pulmonary and the coeliac arteries 
are anastomosed at their origin from the dorsal aorta. It may be noted that in Amici, the 
coeliac comes off from the junction of the sixth arches before they enter the aorta. In Gym- 
narchus there is only one artery to the air-bladder, and one vein coming from it to enter the 
posterior cardinal vein. 

In Gymnarchns the air-bladder rudiment first appears in an embryo five days old (fig. 12, A) 
as a small diverticulum of the dorsal wall of the alimentary canal. The rudiment appears 
to be very slightly to the left of the mid-dorsal line, but I think this is probably due to the 
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whole body of the embryo being twisted over to the right m the specimen sectione • - _ _ 1E > 

stacve the embryo is still within the egg-membrane, and the whole ot the head and antenoi 
part of the body is lying on its right side. This twisting tends to obscure the exact topography 
of the organs, but the lung rudiment is, I think, approximately mid-dorsal. In a 6-day 
embryo the rudiment is deeper and forms a short groove in the wall of the canal, it is mid- 
dorsal as regards its relations to the notochord and the nerve cord, but is now well over to 
the left of the dorsal wall of the somewhat flattened alimentary canal, and is tilted over to 
the right (fig. 12, B-E). Reconstructions of horizontal sections of 7-day embryos show that 
the rudimentary air-bladder bulges well over to the right from the pneumatic duct and extends 
forwards and towards the middle line, and later, in a 15 mm. embryo, backwards also (tig. 18). 
In this 15 mm. embryo the duct is bent well over to the right so that the whole organ is cis 



Fig. 12. — Tranverse sections through the glottis of the developing lung of Gymnarchus : 

A, in 5-day embryo. 


tinctly to the right of the body cavity. In an 18 mm. (8-day) embryo the organ has greatly 
developed. The anterior portion is, at its origin from the duct, well to the right, but further 
forwards it has assumed a central position and its anterior end is bifurcated, the two branches 
growing forward and somewhat to the sides. The portion posterior to the duct is very much 
enlarged and is also much nearer the mid-dorsal line than before. Already the cavity is 
becoming complicated by localised bulgings of the wall, so as to form intercommunicating 
chambers. In 9- and 10-day embryos the anterior horns of the air-bladder have reached 
the neighbourhood of the otocyst, and their stems are becoming reduced in diameter. The 
posterior or main portion of the air-bladder has a larger number of branching cavities than 
in earlier stages. The alimentary canal, which at earlier stages had a distinct and open cavity, 
is now almost solid, though the lumen of the air-bladder and its duct are not closed. 

A reconstruction from horizontal sections of the air-bladder in an 11-day embryo, 34 mm. 
long (tig. 13, C), shows the curious arrangement of the cavities. The pneumatic duct now 
leads straight back into a long, tubular cavity which gives off side branches all round. This 
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Erld (11) describes a roomy vacuity in the side wall of the skull of Gymnarchus, in close 
relation to the otocyst and covered over by a thin, oval, shell-like bone. The presence of this 
thin bone may be the explanation of the loss of the air-bladder connection of the vesicles, since 
it will physiologically serve the purpose of a tympanic membrane. This same cavity in the 
skull is described by Ridewood (38), and Tate Regan (81) states that there is in the Mor- 
myridae “on each side of the skull, superiorly, a lateral foramen lodging a vesicle which has 
lost its connection with the air-bladder.” Budgett, in his diary of the expedition to Uganda, 
states that the sacs of the anterior horns of the air-bladder are blown out tight ; that there 
is a stem with a hollow canal in the skull bone, but no apparent opening into the air-bladder. 



He also states that this bulbous horn derived from the air-bladder is present in all the Mor- 
myridse which he has dissected. 

In the specimen which I have dissected, there are present at the sides of the skull the two 
vesicles in close contact with the otocysts. Each has a short duct running caudally and towards 
the middle line, in the bone of the floor of the skull. These ducts end blindly just before they 
meet, and there is no trace of the connecting tube which at earlier stages united them to the 
anterior end of the air-bladder (fig. 14). 

It would appear, therefore, that in Gymnarchus the connection between the otocyst and 
the air-bladder is degenerating, though the air-bladder itself is to some extent a respiratory 
organ. 

One point of interest in the development of the air-bladder in Gymnarchus is that, though 
when the rudiment first appears, the oesophagus is an open tube (fig. 12, A-B), at a later 
stage the walls of the alimentary canal are approximated so as to give the appearance 
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of a, solid rod of cells (fig. 12, C), although the cavity of the groove-like pneumatic duct remains 
open. I think that this may be the case 
with Lepidosteus, for in the 11 and 10 mm. 
embryos which I have examined, the 
anterior part, of the air-bladder rudiment 
is a groove in the dorsal wall of the solid 
oesophagus. In Makuschok’s Fig. 6 
there is a distinct groove in the dorsal 
wall of the oesophagus, which looks re- 
markably like the air-bladder rudiment, 
though he says that it makes its appear- 
ance first in an embryo considerably 
older than the specimen represented in 
this figure. 

Callici-xthys. 

Bridge and Haddon (7) describe a 
widespread degeneracy of the air-bladder 
and the Weberian apparatus among the 
Siluridse ; and Bridge, in the Cambridge 
Natural History (5), states that the air- 
bladder is dumb-bell shaped in Callichthys, 
though Sagemehl (36) and others say 
that in some Silurkbe, including Callicli- 
tliys, there is no air-bladder. In embryos 
of 10| and 12 mm. of this fish (fig. 15, 

A-B), there is a large sac on either side 
of the head extending from the otocyst 
to a little distance beyond the gill clefts. 

In both specimens the two cavities, 
near their posterior end, are in com- 
munication with one another by a narrow 
duct lying ventral to the notochord and 
the aorta, but dorsal to the kidneys and 
alimentary canal. There are traces which 
indicate that there is a connection be- 
tween this duct and the alimentary canal 
at earlier stages of development. These 
vesicles may, I think, be taken to be part 
of an air-bladder, which has degenerated 
except for the anterior horns. 

Evolutionary History op the 

Air-Bladder. 



Fiq, 14. —-Dissection of adult Qymnarchus ; kidneys displaced 
to the left to expose the air-bladder. 


The observations chronicled in this 

paper enable us to picture more fully the probable evolutionary history of the transition 
from the bilaterally symmetrical, ventrally placed, paired lungs to the dorsal and unpaired 



Fia 15. — B, in 12 mm. embryo. 
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The next stage is illustrated by Amia with its “pulmonoid” air-bladder, which has the 
normal pulmonary nerve and blood supply, but opens dorsally into the alimentary canal. 
Lepidosteus, again, has a pulmonoid air-bladder with pulmonary nerves, but blood coming 
from the aorta. In Ac-ipenser the reduction of the respiratory function is complete and the 
air-bladder is a simple membranous sac with its blood supply from the dorsal aorta. In 
Sal-mo the hydrostatic function has developed further and the air-bladder has now “red- 
glands” in its anterior walls, but it is still a simple sac opening dorsally into the alimentary 
canal. 

Ceratodus, Amia, and Lepidosteus, in their development, show transitory traces of the 
existence at one time of a left lung ; and the change in position of the glottis from the ventral 
to the dorsal side may be reasonably interpreted as, at least partially, due to the rotation 
of the alimentary canal round by the right, as has already been shown by the work of Moser 
(26, 27), Kerr (20), and others. 

I should like to take this opportunity of expressing my gratitude to Professor Graham 
Kerr for his unfailing interest and his invaluable help and advice in the course of the research 
recorded in this paper. I would also thank the Senate of the University for awarding me the 
Strang Steel Scholarship to enable me to carry on my work in Glasgow. I am further indebted 
to the Trustees of the British Museum for their kindness in giving me one of tlieir duplicate 
specimens of Gymnarchus niloticus. 
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1. Position and 

Surface 

Features of the Island. 



Gigha is a little-visited island off the western coast of Kintyre and between the latter 
and the island of Islay. It lies about 
5-| miles south-west of West Loch 
Tarbert, and a little over 1-|- miles 
from the nearest point of Kintyre 
where the mainland runs out for 
miles in the low, sandy, raised beach 
of B,unahaorine (figs. 1 and 10). 

The island is 6 miles in length 
from north-east to south-west, and 
has a greatest breadth of 2 miles. All 
round it are innumerable smaller isles, 
all elongated in the same direction as 
Gigha. Of these the most important 
are Cara, 1 mile from north-east to 
south-west by i mile in breadth, and 
Gigalum, mile by l mile, and Craro, 
which is smaller still (figs. 2 and 10). 

The island forming Ardminish Point, 
on the eastern coast of Gigha, and 
Eilean Garbh, at the north-eastern 
end, will he dealt with here as if they 
were part of the main island, since at 
low tide they are connected with it by 
sandy isthmuses. 

The highest point in Gigha is near the centre of the island, where the land rises to 381 
feet above sea-level at Creag Bhan. One or two other eminences which are conspicuous are 
TRANS. ROY. SOC. EDIN., VOL. LV, PART II (NO. 17). 63 
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Eilean Garbh rises to 157 feet. osite ma inland of Kintyre, Gigha is a 

As wn. (Creag Bhan, Cuoc 

long low island of W P latf - “ f u island is higher than any other, and 

Tm high ground is the lowest part of the island connecting 

East and West Loch Tarbeit. • , 11 unn j ng in the same direction as the 

leng^Zt 

Pate I, % 1). Behind the lowest raised beach are ^ 

np of one or two awell-defined «“>»* * **** 

™i:Z2Z’L iX he two largest of which 

part of the Mullach Mo, On the whole, 

howeCr! the valleys are cultivated, and it is not uncommon to find minor ridges ol h&rdei 


CARA 





Fig. 2.— The islands of Cara and Gigalum from the north. 

“ And Cara’s isle like giant corse lay near, ^ 

Stretch’d out in state, upon a crystal bier. 

rock projecting up through the ploughed fields all along the length of a valley. Only the 

wp^fpTii Dortion of Gisdiu is unsuitable for cultivation. 

It is obvious, therefore, that the grain of the island is north-north-east to south-south- 
west, and the main road runs for about 3 miles iu the same direction from the (pier on to 
southern end to Druimyeon More farm, and the greatest height which it reaches m that distance 
is 6-4 feet at the post office. From Druimyeon More the road crosses a ridge ot hard rock 
of over 70 feet in height before entering another stretch of flat ground and continuing or a ou 

a mile in the same direction as in the first part of its course. 

Beautiful sandy bays are abundant around the whole coast except m the central reaches 
of the western shore-line, and they are remarkably well developed in Grob Bagh to the south, 
and in Bagh Budha Buidh, and Bagh na Doirlinne, separating Eilean Garbh from the main- 
land. Other large sandy bays are found at East and West Tarbert, Druimyeon Bay, an 

A.rdminish. Bay. . „ . .... , ii.i 

The western coast is for the most part bold and rocky. It falls m cliffs which are parallel 

to the strike of steeply dipping schists from heights of over 100 feet down to sea-level (Plate I, 
fig 2) The fact that the cliffs so nearly coincide with the dip of very schistose rocks from 
Me all 'a’ Ghlamaidh to Meall Aird-ailidh (300 yards south-west of the Corn Mill) increases 
considerably the danger of walking along their summits, for, at intervals along the coast 
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from Cnoc Loisgte southward, small landslides are abundant and large fallen blocks form a 
j lurmi ot tioci Kuna nf fVio cliff a Rooifioa tLipao vftrti o.fl.l walls which the island 
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t the base of the cliffs. Besides these vertical walls which the island 
c, the western coast is traversed by great gullies, 20 or 30 feet across, 
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and running inland at right angles to the cliffs. Some of these gullies contain, either at their 
base or half-way up, large caves, which continue underground great distances beyond the 
termination of the external cleft. Examples of such caves are Uamh nan Calaman (north of 
Meall a’ Ghlamaidh), Uamh Mhor (a little further north), and Uamh Cnoc Loisgte. Caves 
and fissures such as these are found everywhere on the coast of Gigha. 

The present shore-line, where rocky, is often extremely difficult to traverse, on account 
of the fact that differential weathering has removed the softer micaceous schists which are 
intercalated with quartzose varieties, or with epidiorite; the latter are left projecting as 
knife-edges. Nor are these continuous for any distance, for as a rule they have been cut 
across by jointing and by the sea, so that the resulting surface consists of a series of almost 
vertical, sharply pointed, rods of rock (Plate I, figs. 2 and 8). This is especially the case in 
the quartzites. 

The epidiorites weather with a characteristic honeycombed surface. Massive varieties of 
these, however, such as those forming Eilean Garbb, Ardminish Point, or Cam Leim, retain 
their perfectly smooth and glaciated surface, but are broken up into a series of cuboidal blocks. 

Dykes are everywhere characteristic features of the shore-line of Gigha, and from the 
cliffs they project into the sea as high bare walls (Plate I, fig. 5). Many of the large gullies 
above referred to (between Uamh Mhor and Uamh nan Calaman) are worn out along the edges 

W . 


of the dykes. The gully at Uamh Mhor is along a north- west-south-east fault, and is parallel 
in direction to all the others. 

2. Importance of the Geology of Gigha. 

The structure of the island of Gigha is important in that it represents a continuation in 
a south-westerly direction of the geology of South Knapdale. Judging from the map it shows 
an apparent approach of the South Knapdale rocks to those of Kintyre. In fact, I thought 
before I visited the island it would show better than the mainland the relations between the 
Ardrishaig group and the underlying schists. Further, it shows a change in the direction of 
the strike of the Ardrishaig group from north-east-soutli- west to east of north-west of south, 
corresponding to the curving of the schists in Kintyre. From the abundance of epidiorite 
outcrops on the published map I was looking forward to an interesting study of these rocks, 
and the relations of the subdivisions of the sedimentary schists appeared attractive, while 
several outcrops of Green Beds (p) excited suspicion. 

Lastly, the size of the island is such that it invited a detailed investigation not only of 
its structure, from the point of view of South-West Highland tectonics, but also of its igneous 
rocks, its raised-beach deposits, and the development of its present outline. 

I have mapped the whole island on the scale of six inches to the mile. 

8. Previous Work. 

No description of this island has been published since Macculloch's A Description of 
the Western Islands of Scotland, 1819, but, since our knowledge of the rocks and structures 
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Fig. 3. — View of Cnoc Loisgte from north. 
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of South-Western Scotland has been greatly increased withn. recent years, it will he possible 
t0 ^^::ri:“S^:S^eYer, is sufficiently interesting to merit quota- 
tion here. Thus he states (u, p. 27 ) thc Jiaerent rocks, it is impossible to assign tks 

“ From the frequent alternations that here a e p a “ t series wliereve r it occurs. It may only be 

lowest place to any. This indeed - the eastern quarter, and chlor to schist 

remarked, that quartz rock alternating alone ig concer ned, the former is therefore the lowest, and the latter 

on the western ; and that, as far as threc roc ks are also found alternating, with the further 

the uppermost in place. But in the intermed ate spa J ^ & very minute degree only, the chlorite schists 

addition of various hornblende schists ; the quartz > modificat ions, seems to form the principal part of the 
in extensive beds. This latter rock indeed, under the chief part 0 f the remainder. In a manner equally 

island; hornblende schist under difieren aspec s ^ inferior in position to the chloritic, and they follow the 

general it may be remarked that he ™ alg0 found altemat ing with the former, and even constituting with 
micaceous schist and quartz roex • uuu J 

them several ambiguous and unnamed mixtures. 

In the section devoted to the “General Comparison of the Schistose Isles (>., P- -8.), e 
makes many remarks upon the hornblende: and «Uonte <i<m a |d , j sheet 20 was pub . 
The Geological Survey one-inch map of the island, which is filtrating 

of the island. 

4. Summary of Geology. 

S " „U i. »■* «- 

field. 


Blown sand. 
Marine alluvium 


Alluvial Deposits. 


Raised Beaches 


Lower or “25-foot” beach. 
Intermediate or “50-foot” beach. 

tt: 44 1 AA ” "KoariVi 



Glacial. 

Striae; and boulders from boulder clay, the latter having been almost entirely removed 

Metamorphic Bocks. 

Northern End of Gigha. I Southern End. 

Meall a’ Ghlamaidh Schists, 
j Eun Eilean Phyllites. 

Grob Bagh Quartzite and Phyllites. 
Budha Biorach Phyllites. 

Newhouse Quartzite. 

Ardminish Quartzite. 


Carn na Eaire Quartzite and Phyllites 
Port Mor Phyllites. 

Rudh’a’ Chairn Bhain Quartzite. 
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Igneous Bocks. 

Non-folia, ted (Kainozoic) : (a) Dykes and ( b ) One boss. 

Foliated: Epidiorite, hornblende schists, and chlorite schists. 

Of all these rocks, the epidiorites and raised-beach deposits constitute by far the greatest 
part of the island. The siliceous and micaceous schists are best developed on the eastern 
coast, and raised beaches are abundant on the eastern and southern parts. Kainozoic dykes 
are exceptionally abundant, and there are many that are not indicated on the published one- 
inch map. 

5. Raised Beaches. 

Sufficient has been said already to show that the three beaches common on the west coast 
of Scotland cover the greater part of Gigha. That is, the 25-foot, 50-foot, and 100-foot, raised 
beaches are found practically everywhere on the island. 

The 25-foot is separated from the 50-foot beacli by rocky cliffs along the eastern coast. 
In Grob Bagh, just below the farm of Leim, we find the best terrace of 50-foot beach gravel 
running right round the bay behind the 25-foot beach and concentric with the present shore- 
line. Perhaps the largest area of 50-foot raised beach on the island is the grass-covered 
shingle field between Tarbert and Kinerarach. The 100-foot beach is best developed on the 
southern half of the island, but small terraces are found to the north. 

6. Glacial Geology. 

On the whole this study is of secondary importance, since the island is so low that at the 
time when the higher parts of the mainland opposite were covered with glaciers Gigha was 
covered with floating ice. The signs of the action of the land ice, however, are everywhere 
abundant, and consist of beautiful roches moutonnees and good striae. The top of Creag Bhan, 
the highest hill on Gigha, furnishes the best examples of both, and these indicate a direction 
for the ice-movement from north of east to south of west, similar to that of the ice on the 
mainland (fig. 1). 

Boulder clay, except for a few tiny patches, is typically absent, but there are numerous 
ice-carried boulders in the lower ground, as around, and to the west of, the village of 
Ardminish. 

7. Metamorphic Rocks. 

(a) Summary. 

The metamorphic rocks of Gigha, excluding the epidiorites, occupy the greater part of 
the eastern coast, but small outcrops in the nature of infolds occur at many other parts. These 
latter, however, are of secondary importance, from the point of view of the composition of 
the rocks, and examples of almost all the sedimentary schists can be found on the shores of 
Druimyeon and Ardminish Bays. They consist chiefly of quartzites, quartzite-schists, quartz- 
mica schists, mica schists, and pliyllitos, and though on the whole these are so arranged as to 
be undifferentiable, general subdivisions into quartzites and phyllites have been made. Small 
gritty and calcareous bands have been met with, but there are no limestones which can be 
indicated on the map. Local reports, however, state that limestone for burning purposes 
was once worked in the field opposite Ardminish, but there is no reason for believing that this 
is correct. A lime-kiln is situated on the raised beach at Port Ban, a short distance north of 
the pier, and it seems to me that it was placed at this locality because it would be convenient 
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to the bond,* of limestone brought by boat from the opposite coast of Kintyre, where good 

“ the following sections (M) and <*>. 

(bl) Northern End. 

Can m Fain Quartzite and PfipSitar.—On the ' bd^Bo^anMd and 

(Green Beds) i. mapped at the extreme ?T. directio°n west of south 

coloured is most misleading. I" is m ica'e > of°S°’eir Fhiacail, but the outcrop of this 
from the coast at this positron 'feet of the cairn. The 

band advances sharply eastward m lo ds and _pa sse wto artzi t e -schists, and 

rocks here consist of massrve epidiorite to the east, to recognise the 

phyllites, contorted and squeezed against the . - . across the loUet- 

“at iUm“ to f“ ^aZlt tnd. The quartsites and quartzite-schists 
are very thZ'edTmhialing rock, tomes another of epi- 

diorite, followed to th’e west in ^eagjg^^^ 

KiSSisssi-rSS 

in shore sections; although inland it is entirely covered with raised-beach material 

T6g " Z;Z;"!Zes from Budha Bhuidhe (including the point itseh) 
to Trtgh nan Beachan, and the boundaries run in a general south-south-west direction till 

s"y ™ 1“^" ot Zrocts letwtn Cnoc 

ZdZtrcmtdf ttoughthlt ZfntTetanf qZniassive, making a seam of tom 
1 inch to 1J inches wide. The phyllites on either side of this seam are coloured bug . 

^"ality quartzites also occur, and are finely foliated, with surfaces covered with 
white silvery mica They are seldom gritty, but occasionally contain brownish lenticles 

fel^Znish chllrtie phyffitafare diffi(! ult to distinguish from sheared epidiorites. 

Small thrust-like lines of junction are found between the phyllrtes an ^ ™ 

of Port a ! Gharaidh Dubh. In bands of epidiorites which occur on the aho 1 v 

lenticular infolds of sedimentary schists and massive quartzite are often found. On th 
shore opposite Eilean Mall, which is separated from the mainland by a north-east south 
west quartz vein, the phyllites are rich in biotite and good strain slip cleavage is developed. 

Rudh’a’ Chaim Bhain Quartzites.— These follow to the east the phyllites of the last group 
and form the whole section on the eastern point of this part of the island. e “ ^ 
boundary with the phyllites to the east is difficult to fix, on account of the fact that the) a 
intimately folded with one another, and the rocks at the boundary are intermediate m composi- 
tion The last group was defined as a group of phyllites, but quartzites were also met with in it, 
though subordinate in amount to the phyllites. In the present group phyllites, too, are 
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found, but quartzite is the most important rock. In the bay on the northern side of Rudh’a’ 
Chairn Bliain the boundary between the two groups has been inserted in Traigli nan Beachan, 
the small bay just west of Rudha Port an Tigh. 

(?>2) Centre and Southern End. 

Meall a’ Ghlamaidh Schists . — This is rather an ill-defined infold of quartzites, phvllites, 
and micaceous schists, in epidiorite. It forms the summit of Meall a’ Ghlamaidh and the shore 
section from Sloe na Stuire to Uamh Mhor. Here it meets a north-west to south-east fault, 
which displaces the sedimentary schists on the northern side to the south-east, and brings 
the main mass into contact with epidiorite containing subordinate amounts of siliceous and 
micaceous schists. 

South-east of Meall a’ Ghlamaidh there are several infolds of white, massive, fine-grained 
quartzite, and in the cliff section west of Druim Meadhonaeh of phvllites and quartz-mica 
schists. 

Eun Eilean Phyllites . — The whole south-western extremity of Giglia is coloured as epi- 
diorite on the published one-inch map, but there are many localities where sedimentary schists 
are abundant. For example, quartzites from the last group outcrop on the shore at the 
western head of Portan Oraro. Another small exposure of siliceous schists and phyllites on 
the shore, and in a burn section in Port an t-Samhlaidh, south-west of Ardlamey, leads me to 
believe that most of these elongated valleys, now covered with raised-beach alluvium, have 
been cut out along such schists, while the ridges on either side are of epidiorite. 

The Eun Eilean outcrop stretches from Lag nam Feusgan to the shore in Poll Mor, and 
the eastern half of Eun Eilean is composed of micaceous and siliceous schists. 

Ckoh Bagh Schists. — As 
stated above, no indication of 
sedimentary schists appears on 
the published map from Leirn 
westward and northward along 
the coast, until we come to the 
Meall a’ Ghlamaidh phyllites. 

The present group is another 
example of a series of schists 
more or less covered with allu- 
vium. The Grob Bagh series 
begins at Rudha Bhuidhe with 
massive pure white quartzite in- 
tersected by quartz veins, and 
is interrupted once or twice by 
epidiorite sills ; but it forms the 
whole bay right across to the 
massive epidiorite on the shore 
north-west of Carraig an Sgon- 
nian. After the massive quart- 
zites above referred to, we get a thick band of phyllites, and then alternations of micaceous 
and quartzitic schists with quartzite (fig. 4). 

Rudha Biorach Phyllites .— On the one-inch map the boundary between the Carn Leim 
epidiorite of the extreme southern point of the island, and the quartzite to the east, is drawn 
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cliffs behind the 25-foot raised beach. In the cliffs immediately bebn.1 Port Beu anPam 
is an outcrop of epidiorite, which does not occur on the shore, and instances of a srml^ typ^ 

:X""- of ^^“tdvance'Z; outcrop to the east 
in a series of folds pitching steeply northward or north.— **£. 


are found reaching the surface from be- 
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<J|f \y \ / Likewise, at the pier, the boundary be- 

' W ~ •-' v ~^^RrV .;/* yi/ tween the quartzites and epidiorites runs 

&•[ & jg| V 1 ' l > > ’ , in an east of south direction. 

*mh ’ ,7 ' Ardminish Bay Quartzite. This in- 

SS^^r HOW eludes all the siliceous and micaceous 

6 Ji B Ifvf? ’ ‘ rocks from Rudh’ an Stearnail (south-east 

/X of East Tarbert Bay) across to Budlia 

*/ ^V.ra/W' / )( Breac and the western shore of Druimy eon 

‘Ilfl -Sif; W / /i-1 Bay. The outcrop here shifts somewhat 

7':- eastward, and rocks belonging to this group 

’mm> / 7/ (with epidiorites) form Ardminish Point 

M5FS — //y2) ^ 1 and cross to Ardminish Bay. On the 

m ARDMirsts^i nn iorlte northern shore of this bay most of the 

A & AY t> rocks enter the sea and reappear again 
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~ Chuil, where they are divided into two 

~ * by a broad band of epidiorite, which in 

ail probability is a continuation of that 

Fig 6 —Sketch map of Ardminish Point showing infold in Ardminish Point. Eilean a ui an 

nature of the epidiorites. Eilean Brachach are both fashioned out 

of the epidiorite, which begins a few yards to the west of the latter island. Both of the 
islands of Cara and Gigalum are composed of quartzites and epidiorites of this group. 

The western boundary actually lies a few yards further west than is indicated on 

ch map. 
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Fig. 5.-— Sketch map of Ardminish Point showing infold 
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This group consists of massive quartzite, quartz-mica schists, and soft silvery phyllitic 
mica schists. On the western shore of the small bay at An Sailean (Pruimyeon Bay) are 
lenticular bands of extremely coarse grits, which weather with the characteristic rough surface 
of gritty rocks, where the grains project upwards above the matrix. The latter, in this case, 
is very calcareous, and effervesces freely with cold acid. The pebbles are of clear pale blue 
quartz, and are not granulitised. The rock is separated into layers, at intervals of about 
do inch, with silvery muscovite, and some bands are rich in secondary biotite. The small 
flakes of black mica are sometimes scattered irregularly through the rock. These bands of 
grit are interesting, as they are the only rocks of that nature found on the island. 

On Budh’ an Stearnail, between East Tarbert Bay and Druimyeon Bay, the soft silvery 
phyllites, interfolded with massive quartzites, are laden with bands extremely rich in secondary 
biotites. These latter often project from the weathered surface of the phyllites in crystal 
rods and with this arrangement they resemble hornblende needles. Application of a pin-point, 
however, reveals the perfect cleavage of mica, and the rods fall to pieces. The secondary 
micas are developed in well-defined bands, and are especially prominent along strain slip 
cleavages. The outlines of some of the folds are accentuated by the concentration of biotite 
around them (fig. 9c). 

Along, or closely associated with, some crush breccias on the shore below the manse is 
a band of dense black mica schist, which may mark the position of a small thrust. 

8. Igneous Rocks. 

(a) Non-foliated. Kainozoic. 

The northern end of Jura, and Knapdale, from Loch Crinan to West Loch Tarbert, con- 
tain very few Kainozoic intrusions in the nature of north-west dykes. The area to the north- 
east of this belt, stretching as far south-east as the Glasgow district, and the country to the 
south-west, from southern Jura and Gigha across into Kin tyre and Arran, are extremely 
rich in such dykes. The dykes in these two areas belong respectively to the Mull and Arran 
Swarms of the Geological Survey.* The present island has furnished an interesting study of 
the field relations of these intrusions. 

As already stated, the dykes often 
stand up through the softer schists as 
large vertical walls (fig. 3 and Plate I, 
fig. 5), while at other times they have 
yielded to the agents of denudation 
more easily than the schists, and are 
now represented by gullies. 

These dykes run essentially in a 
north-west to south-east direction, but 
a glance at one or two of the text- 
figures here will show that, oftener than 
not, their course is extremely irregular. 

Take for example the large dyke on the 
northern shore of West Tarbert Bay 
(fig. 6). Inland at An Fang this is apparently one dyke with a width of 12 feet. On the 
shore, however, it splits into two branches of 6 feet each; one of these crosses the other as 

* Mem. Qeol. Surv. Scotland , “Tertiary and Post-Tertiary Geology of Mull, Loch Aline, and Oban,” 1924; map, p. 357* 
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Fig. 0 . — Rough sketch map of dykes on shore, An Fang, north of W. Tarbert 
Ray. Inset is coast from An Fang to Traig Bhubh (thick black lines are 
dykes). 
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the erinanites only in the absence of analeite, are closely linked with them by the abundance 
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A small boss of coarse crinanite occurs a little south-west of Tarbert farm. 

The schists in contact with most of the above intrusions are much altered. They are 
hardened and darkened in colour, with the separation of much magnetite. Their micas are 
nearly always changed, and some of the rocks are a network of black and dark brown material 
and quartz grains. The latter are always cracked and broken, and secondary products have 
made their way along the cracks. 

(b) Foliated. Epidiorites and Chlorite Schists. 

The igneous rocks which are older than the foliation of the schists range from very sheared 
varieties in the form of chlorite schists, through hornblende schists, to massive types in which 
no foliation can be detected. These last are best developed in Eilean Garbh at the north- 
western end of the island. Here the coarsest rock is made up of large plates of scaly horn- 
blende, from 1-|- to 2 inches in length and 1 inch across, embedded in zoisite. Though the 
rock is not foliated in the central parts of the intrusion, the smaller hornblendes are arranged 
in parallel bands. Other massive but finer-grained epidiorites occur along the eastern coast, 
and are typified by the rock at Carn an Leim at the southern end. This is a dark green 
hornblende-felspar rock. 

The hornblende schists resemble the last, but are very finely foliated, and the felspars 
are inconspicuous. The chlorite schists are the very sheared varieties of these types. It is 
these rocks that have been indicated on the one-inch map as “green schists.” 

In the epidiorites, and best seen at Leac Bhuidhe, south of West Tarbert Bay, are lenti- 
cular cores of green epidotic material with a little calcite, averaging 1 foot by 10 inches in their 
longest and shortest diameters. The cores are non-foliated, and the foliation of the horn- 
blende schists bends round them (Plate I, fig. 4). Under the microscope, these masses are seen 
to be composed of yellowish-green epidote and calcite with grains of quartz, a little chlorite, 
and occasionally crystals of biotite. 

The coarse Eilean Garbh rock under the microscope shows large plates of pale green 
tremolite, and scarcer plates of zoisite surrounded by granular and prismatic zoisite, and 
muscovite, with quartz, and less frequently felspar, filling interspaces. Sometimes the 
amount of zoisite increases until the whole rock is composed of phenocrysts of amphibole 
in zoisite. 

The Garn an Leim variety resembles a quartz-diorite and consists of hornblende, plagio- 
elase, and exceptionally abundant iron oxide, with interstitial quartz. There is very little 
foliation, and the felspars are often quite fresh, but at other times they are covered with 
epidote and may be completely replaced by it. In these last cases epidote, quartz, and 
chlorite become abundant, and there are crystals of biotite. 

The best example of a fine-grained hornblende schist was obtained from the north-west 
of the hotel, and it is composed of hornblende, epidote, and quartz, with subordinate chlorite. 

The chlorite schists range from the above to varieties in which the hornblende is not so 
abundant as the chlorite, and in these calcite reaches large amounts, quartz occurring in 
minute grains. Biotite also occurs. In some slides there are porphyritic albites as in the 
albite schists of Kintyre. 

9. Structure. 

As has already been said, the sedimentary schists are subordinate in amount to the 
epidiorites, and as the latter are structureless for the most part, it is difficult to interpret the 
structure of the island. 
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schists. 

The epidiorites which occur on Ard- 
minish Point and elsewhere on the 
eastern side of the island occur in syn- 
clines and anticlines in the schists, as 
will be seen from the diagram illustrat- 
ing my mapping of this point (fig. 5). 
Prom the diagram it will he noticed that 
the epidiorites occur with more or less 
boat-shaped outcrops surrounded by 
quartzites. The epidiorite on Cara also 
lies in a syncline in the quartzites, and 
the diagram illustrating Budha Breae, Druimyeon Bay, shows a smaller, but none the less 

interesting, infold of a similar nature- (fig. 7). . v 1 

The quartzites and phyllites themselves are folded with the small-scale isoclinal folding 

which is so characteristic of the rocks of the Loch Awe Synchne. The type of folding and the 
nature of the outcrops developed in the massive quartzites are illustrated m fags, b and J. 

A section of a large and interesting infold of quartzite in epidiorite is seen on the chits 
at the west of Portan Craro, the little hay north of Craro Island. The small-scale folding 

here is very complicated. , . . ^ . , 

The pitch of all these folds is to the north-east and can be well seen on Ardmmish I omt, 

and in the quartzites and schists west of the pier (fig. 4). Here, as I have said, we find siliceous 
schists advancing their outcrop to the east and reaching the surface from beneath massive 

quartzites. 




PZ 3-7? 

Fig. 7.— Infold of epidiorite on Rudha Breae, Druimyeon Bay. 


Although it is stated in this paper that the schists of the island belong to the Erins 
Quartzite, it is impossible to assign any definite horizon of the South Knapdale rocks to 



those of Gigha. . 

One fact to me seems certain and that is that the quartzites on Gigha (if they be Mins 

Quartzite as I believe them to be) belong to the upper part oj this group (in the strict strati- 

graphical sense). _ . 

This statement I make because the quartzites are different in character from those m the 
south-eastern part of South Knapdale, and they resemble the quartzites which are admirably 
exposed in the Loch Gair section at the entrance to Upper Loch Fyne. It is possible from 
uhe development of thick bands of phyllite that the rocks of Gigha might belong to the lower 

* Trans . GeoL 800 . Glasgow , xvii, pt. 3, 1925-26, pp. 377-394, 
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part of the Ardrishaig Phyllite group, but the quartzites are too abundant to make this 
probable. 

Assuming, therefore, that the Gigha schists belong to the upper part of the Erins 
Quartzite, it is true, as stated in (2) under Importance of the Geology of Gigha, that not only 
do the rocks here show a change in the direction of their strike, but they show an approach 
of the South Knapdale rocks to those of Kintyre. 



Fig. 8. — Sketches illustrating plan of folds in epidiorite and quartzite. Fig. 9. — Vertical sections of folds in quartzite, (a) 
(a) Quartzite, BaraiHean Sail shore, Kincrarach ; (b) Epidiorite, Sgeir Budba Port an Tigli ; ( b ) Quartz lenticles in quartz- 

Fhiacail [scale as in (c)] ; (c) Epidiorite, RudhV Chaim Bhain. ite, RudhV Chaim Bhain; (c) Secondary biotitcs 

in phyllite band in quartzite, Eudh’ an S tea mail. 

It seems to me, therefore, that just as the Erins Quartzite is cut off to the north-east 
by the thrust separating Bailey’s Loch Awe Nappe from the Iltay Nappe,* so does it become 
gradually cut off in the same way to the soutli-west. Although in a previous paper I stated j 
I could find very little evidence for a thrust separating the Erins Quartzite from the Stonefield 
schists in the small portion of South Knapdale where the two are in contact, yet considering 
the problems of Gigha, South Knapdale, and Gowal as a whole, the approach of the Gigha 
rocks to the Kintyre (or as it is commonly called, the Cowal) sequence, and the cutting off of 
the Erins Quartzite to the north-east are best explained by Bailey’s thrust at the base of 
the Loch Awe Nappe. 

* Q.J.G.S., lxxviii, pt. 2, 1922, p. 96. 
f Tram. Geol. Soc. Glasgow , xvii, pt. 2, 1924-25, p. 251. 
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Fia, 10.— Sketch map of Gigha, showing main subdivisions of metamorpkic rocks ; non-foliated 
igneous rocks and superficial deposits omitted. 
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11. EXPLANATION OF DIAGRAMS. 

(a) General. 

Fig. 1. Index map showing the position of Gigha, and indicating the general direction of ice- movement over 
the island and in the neighbouring parts of South-West Scotland. 

Fig. 2. Sketch showing the characteristic shapes of the islands of Cara and Gigalum. 

Fig. 3. Sketch of large basalt dyke intruded into schists and phy Hites, and forming Cnoc Loisgte on the western 
coast of Gigha. 

(b) Detailed Sketch Maps. 

Fig. 4. Sketch map of Southern Gigha showing bands of phyllite and quartzite described in this paper, but not 
indicated on the one-inch Survey map. 

Fig. 5. Sketch map of Ardminish Point showing infold nature of the epidiorites in the Ardminish Quartzite. 
In the mapping of the circular outcrop of epidiorite to the left and in other details this sketch map, also, is different 
from the one-inch map. 

(c) Igneous Geology. 

Fig. 6. Diagrammatic sketch of dykes on the shore at An Fang, north of West Tarbert Bay. The main dyke 
to the south-west is here seen to branch into two, and the most westerly of these branches is seen to cut the other. 
The direction of the branches, too, is determined by the strike of the epidiorites, and by jointing at right angles to 
the strike. 

Inset is a small sketch map of the coast from this to West Tarbert Bay showing the tendency for these dykes 
to change their course, to branch, and to cut across one another. 

(d) Structural. 

Fig. 7. Infold of epidiorite in quartzite on Kudha Breac, Druimyeon Bay, showing plan and section of the folding. 

Fig. 8. Three diagrams illustrating the curious nature of some of the outcrops of infolded schists : — 

(a) Folding in quartzite, Baraillean Sail shore, Kinerarach. 

(b) Epidiorite infolds in quartzite, Sgeir Fhiacail. 

(c) The same, RudhV Chaim Bhain. 

Fig. 9. Three diagrams illustrating vertical sections of the type of folding developed in the quartzites 

(a) Rudha Port an Tigh. 

(b) RudhV Chairn Bhain. 

(c) Eudh 5 an Stearnail, showing development of secondary biotites in quartzites. 

Fig. 10. Geological sketch map of Gigha. 


12. EXPLANATION OF PLATE. 

Fig. 1. Druimyeon Bay as seen from the high ground east of Tarbert farm, and showing Ardminish Point, 
epidiorite ridges, and raised beaches, all running in the same direction, N.N.E.-S.S.W. 

Fig. 2. The western coast of Gigha, from the shore west of the Corn Mill to Eilean Garbh. The rocks in the 
foreground are highly sheared epidiorites. 

Fig, 3. Quartzites on the north-eastern coast of Gigha, showing typical weathering. 

Fig. 4. Epidotic spheroids in epidiorite, south of West Tarbert Bay. 

Fig. 5. Dolerite dyke, Port an Sgiathain, half a mile south of Ardminish Bay. 










Mr W. J. McCallien on “The C4eolos;y of Grisha. 5 ’ — Plate I 



( 411 ) 


XVIII. — Jurassic and Eocene Echinoidea from Somaliland. By Ethel D. Currie, B.Sc., 
Pli.D., F.G.S., Hunterian Museum, The University, Glasgow. Communicated by Professor 
J. W. Gregory, F.R.S. (With Seven Text-figures and One Plate.) 

(MS. received March 28, 1927. Read June 6, 1927. Issued separately September 24, 1927.) 

The collection of eehinoids, which is the subject of this report, was made by Mr B. A. 
Farquharson, M.A., M.Se., F.G.S., Government Geologist, during his survey of British 
Somaliland in the year 1923-24. The collection was presented by the Colonial Office to the 
Geological Department of the British Museum, and the Keeper, Dr F. A. Bather, F.B.S., 
has been good enough to allow me to examine and describe these interesting specimens. 

I have been fortunate in having beside me for comparison the eehinoids from Somaliland 
in the Hunterian Museum, which were collected by Mr B. K. N. Wyllie, B.Sc., F.G.S., and 
Dr W. R. Smellie, and through them presented by the Anglo-Persian Oil Company. I take 
this opportunity of expressing my thanks to Professor Gregory for his interest in the collec- 
tion and for much kind help. 

The collection comprises Jurassic and Eocene species. The Jurassic eehinoids are from 
four localities, as follows : — 

Bihendula. 

Stomeehinus aff. microcyphus, Wright. 

Clypeus wylliei, Currie. 

Py gurus srnelliei, Currie. 

Py gurus cf. depresms, var. somaliensis, Currie. 

Bothriopneustes somaliensis, (Currie). 

Ida Kabeitah Hill. 

Acrosalenia ( Metacrosalenia ) pseudocidaroides, 

Currie. 

Acrosalenia {Metacrosalenia) quadrimiliaris, 
n. sp. 

The above species from Bihendula, with the exception of the Stomeehinus, were origin- 
ally described from that locality from the Lower Bihin Limestone. The horizon of the 
Bihendula echinoid limestone is Bathonian, according to the evidence of the collection of 
Mr Wyllie and Dr Smellie,* and the association with these species in the present collection 
of a specimen closely allied to Stomeehinus microcyphus, an acknowledged Bathonian species, 
lends confirmation to this conclusion. The occurrence of Acrosalenia pseudocidaroides from 
Ida Kabeitah, also originally described from Bihendula, shows that the horizon of the Bihendula 
echinoid limestone is present in the Ida Kabeitah outlier also. Of the specimens from Biyo 
Dader, Gadabursi, only Recrosalenia somaliensis is known, the holotype (.Hunt. Mus. E. 764) 
being from Bihendula. The occurrence of a specimen of this species from Biyo Dader indicates 
the presence of the same Bathonian horizon in the Western Jurassic series. In confirmation 

* Monogr. Hunt M r w. 9 vol. i, 1925, p. 2. 
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Biyo Dader tug or Well, Gadabursi, 
W. Som. 

Recrosalenia somaliensis, Currie. 
Farquharsonia somaliensis, n. gen. and sp. 
Echinotiara somaliensis, n. sp. 

Holectypus, sp. indet. 

Holectypus, n. sp. 

Deberaweina, W. Som. 

? Acrosalenia srnelliei, Currie. 

? Hemicidaris bihinensis, Currie. 


65 





ETHEL D. CURRIE ON 

3 W species of EchinoUara from the san 
he two silicified and iron-stained fragn 
enia smelliei and ? Hemicidaris Ulnnen 
ice, but they also are probably frorn^ 
and imDlies a connection between the > 


simple primaries J, 
are crowded just 
plates being more t"' 
plate complexity ( w '.‘ 

Dimensions .-d **' 

Tn,mid variety ■ * . 
may represent a turn 1 
to be even more cnO 
another. B.M., 
sions : Diameter (lb 


de three new species ■ 
presents a new genus 


Diagnosis . — A Met ’ 
vertical series of eqty 
of the two inner seri' 
series become larger 
miliaries in irregular ! 
Material . — -Holotyl 
Dimensions . —Dial ' 
Locality . — Ida Kab 
Description oj H oh 
Edges high, steep, an 
Apical System. 

4 large, 1 contiguous 


te limestone are as follows : 

I Linthia sp. aff. insignis, Merh 

Schizaster? cf. symmetries, Du 
Opissaster farquharsoni, n. sp 


[tone, excluding the specimens of bismondia iimesiunws, 
tnaliland. The Sismondia limestone is from Eastern an 

I nthia sp. aff. insignis and Schizaster ? cf. symmetries 
I Middle Eocene, while the indirect evidence of the other 
piew. 

Ik its silicified iron-stained fossils is so strikingly like the 
ned by Professor Gregory f in 1900), as to suggest that 
,.dv si, at, fid. the chertv limestone, on the evidence of the 


Fig. 2 , — Acrosalenia ( Jfetocro 


Fig. 2a. — Diagram of apical 
Fig. 2 b-d . — Diagram ^ ^ 
in the ambulacra, 25 
above ambitus ; 2$, ^ 


aries, in horizontal g 
pair is smaller th^ 
miliary in the other 
series of both coW 
never more tharfo^ 

* Hawkins, lt . 


JURASSIC AND EOCENE ECHINOIDEA FROM SOMALILAND. 


418 


echinoids in the present collection, is Lower Eocene. The Middle Eocene age, assigned to 
the Auradli Limestone by the late E. B. Newton * in 1905, was based on the occurrence of 
certain casts of large gastropoda which he determined as Campanile. Dr J. Weir tells me 
that the affinities of the so-called Campanile are problematical ; and that the inconclusive 
evidence of the other mollusea from the Auradli Limestone is not inconsistent with a Lower 
Eocene age. 

The view that the Auradli Limestone is Lower Eocene renders it highly probable that the 
Allahkajid Limestone, | which was placed below the Auradli Limestone in the sequence based 
on the Wyllie-Smellie collections, is part of the Middle Eocene, upper white limestone 
described by Mr Farquharson. The echinoids from Allahkajid in the Wyllie-Smellie 
collection indicated either a Lower or a Middle Eocene age for that limestone, while the 
Auradli Limestone, being then regarded as Middle Eocene, was believed to overlie the Allah- 
kajid. Since the Auradli Limestone appears to be Lower Eocene, the Allahkajid Limestone 
is probably Middle Eocene, and should overlie the Auradli in the sequence. 


JUBASSIC ECHINOIDEA. 

Family ACBOSALENIIDJL 
Genus Acrosalenia, Agassiz, 1840. 

? Acrosalenia smelliei, Currie. 

Acrosalenia smelliei, Currie, 1925. Monogr. Hunt. Mus., i, p. 53, pi. viii, fig. 5 a, b. 

Material . — Two poorly preserved (silieified and iron-stained) incomplete tests (B.M., 
E. 18002-3) are very doubtfully referred to this species. 

Distribution . — Bihin Lst., Bihendula : Deberaweina, W. Som. 


Sub-genus metacrosalenia, Currie, 1925. 

Acrosalenia ( Metacrosalenia ) pseudocidaroid.es , Currie. 

A. (M.) pseudocidaroides, Currie, 1925. Loc. tit., p. 55, pi. viii, fig. 6 a, b. 

Material. — One incomplete test, B.M., E. 18012. 

Dimensions. — Diameter (I)), 24-6 mm. ; height (H), 15-8 ? mm. ; H/D, *64. 

Distribution. — Bihin Lst., Bihendula : Ida, Kabeitah Hill, near Aurahu, Central Som. 

This specimen differs from the holotype (Hunterian Museum, E. 735) in the apical system, 
having a different arrangement of suranal plates, and probably also in 
its surface being more nearly level. The height of the specimen cannot 
be measured exactly, but it is evidently slightly greater than that of the 
holotype. In the present specimen simple primary ambulacral plates are 
apparent from the apex to the ambitus. 

Pentagonal variety ? . — One much worn specimen of a Metacrosa- 
lenia (B.M., E. 18013) from the same locality, is probably a variety of 
the above species. It apparently differs from the holotype in being 
larger, in being pentagonal in outline, and in having a different arrange- 
ment of suranal plates (of which there are three) in the apical system. 

This specimen is of interest also as showing that in Metacrosalenia the ambulacral plates are 

* Newton, 1005. “ Tort. Fossils of Som.,” Q.J.G.8., voi. Ixi, p. 160. 
f See Gregory, 1925. Monogr . Hunt. Mus , 9 vol. i, p. 5. 



Fig, 1. — Acrosalenia ( Meta - 
crosalenla) pseudoci dam- 
ides, Currie. Diagram 
of apical disc of B.M., E. 
18012 . 
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simple primaries to at least within a very jj 18012 in the simple primary 

in that specimen, an indication of the booing of 

plate complexity (mde H. L. Hawkins . 16-6 mm. ; H/D, -64. 

Dimensions. Diameter (D), 26 0 • > * Abraded and all from the above locality, 

Tumid variety ? .-Portions of three tests “ - mary am bulaoral plates appear 

may represent a tumid variety of thlS s P e ° * 1Qm and\hey interdigitate more with one 
to be even more curved than those of B.M., . E. an ppr oxi4ately the following dimen- 

miother B.M., E. 18015 is the most complete and has appioxim ^ 

“s Diameter (D), 28-8 mm. , height (H). 224 mm. ; H/D -77. 


Acrosalenia (Metacrosalenia) quadrimiliaris , n. sp. 

vertical series of equal-sized miliaii ( . number while the two main marginal 

- - moK th “ four 

miliaries in irregular rows between the mam senes of tubercles. 

Material. — Holotype. British Museum, E. 18011. H;p 

Dimensions. — Diameter (D), 28-6 mm. ; height (H), 16-1 mm. . H/l , 



Test sub-globular, oral surface flat, and apical surtaee uepresseu. 
ded. Ambitus about the mid-height. , 

aonal. Periproct to the posterior. Genital plates 1, 2, 8, a 
T 2 with 8, and 3 with 4, their aboral edges outlining an angular 
space indicating the position of a suranal plate oi 
plates). Genital 5 small. The three anterior ocular 
plates exsert, the two posterior insert with respect to 
the periproct. 

Ambulacra. — Narrow and sinuous, increasing very 
little in breadth towards the peristome. _ Pores_ large 
and oval with interporal granule ; the pairs in simple, 
sinuous series until near the peristome, where they are 
,oo«i o0 m arranged in oblique triplets. In the adapical quarter 
;oo%o°*§ of the area (with the exception of the extreme apex) 
there are four vertical series of comparatively large 
i) quadrimiliaris , equal-sized miliaries set in two series of twos, place 
alternately (fig. 2b). Beyond this point, a miliary in one 
"Sation inner series (sometimes in column a and sometimes b) 
>icaiiy ; 2c, just becomes smaller, and the corresponding miliary m • 
bit ' aB - other inner series is replaced by two still smaller mili- 

3S with a main tubercle (fig. 2c). (Sometimes_ the inner miliary of the 
ie other, and sometimes they are of equal size.) Then the reduce 
ner column is also replaced by two smaller miliaries ; the horizonta. 
become slightly curved and overlap so that there are often three anc 
nail miliaries in irregular rows between the main marginal series (fig. 2d) 

T,h and 35vol. of the Atnb. in Eoh. Holeet.,” Phil. Trans. Roy. Soc., Ser. B, vol. ecix, p. 396. 
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At the same time, the marginal series of miliaries increase in size adorally and become definitely 
mamelonate. Minute granules are sometimes interspersed. The above arrangement pre- 
vails in the greater part of the area, the inner miliaries becoming smaller and the marginal 
tubercles more outstanding adorally. At the peristome, occupying a length of about Jth 
of the area, there are four pairs of comparatively large tubercles. 

Interambulacra.- — Eight to nine plates in a column. Ultimate plate in column a very 
small. The ultimate in b and the penultimate in a are high, and covered with miliaries 
and bear a small tubercle (usually non-scrobiculate) situated near to the adora! and to the 
adradial sutures. The other plates are large and high, and bear fully developed tubercles, 
each occupying most of the plate. In these main tubercles large perforate mamelons rest 
on platforms with 11-12 crenellte, and the boss, which dies away in the scrobieule, has a 
slightly concave slope. The scrobicules of the adapical tubercles are circular and contiguous ; 
in the adora! tubercles the scrobicules become confluent. The scrobicular rings of tubercles 
extend along the extreme margin of the adradial suture, and are separated from the inter- 
radial suture only by occasional minute granules. 

Peristome. — Large. Branchial incisions large. Ambulaeral slightly wider than inter- 
ambulacral lobes. 

Affinities. — This species is very like A. (M.) pseudocidaroides, Currie (1925, loe. cit, p. 55, 
pi. viii, fig. 6 a, b), so much so, that one thought it might be another variety of that species. 
As the single specimen available differs from A. pseudocidaroides, not only in dimensions and 
in the arrangement of suranal plates in the apical system, but also in the tuberculation of 
the ambulacra, it seems better to regard it as a distinct species for the present at least. 

This species may be distinguished from the species A. pseudocidaroides by its ambulaeral 
areas. They are slightly narrower than those of A. pseudocidaroides , and they increase in 
breadth very little adorally, less than is the case in that species. The small miliaries between 
the main tubercle series in A. pseudocidaroides (described as granules, Currie, 1925, he. cit.) 
are relatively smaller and more numerous than those in the present species, in which there 
are never more than four between the main tubercles; in A. pseudocidaroides there may be 
as many as five. The species A. quadrimiliaris is characterised by having four series of com- 
paratively large equal-sized miliaries in the adapical quarter of the ambulacrum, whereas in 
A. pseudocidaroides the arrangement of prominent main tubercles with small intermediate 
miliaries is continuous to the apex of the area. 

Genus Recrosalenia, Currie, 1925. 

Recrosalenia somaliensis, Curri e . 

Recrosalenia sornaliemis , Currie, 1925. Loc. cit p. 48, pi. viii, fig. 1 a -e. 

Material. — One specimen, B.M., E. 18008. It is incomplete, and the greater part of the 
apical surface is concealed by matrix. 

Dimensions. — Ant. -post, diameter, 22-0 mm.; trans. diarn., 20-8 mm.; height, 9-8 ? mm. 

Distribution. — Bihin Lst., Bihendula; Biyo Bader Tug or Well, Gadabursi, W. Bom. 

Remarks. — This specimen adds to what is known of the species. It differs from the 
holotype (Hunterian Museum, E. 764) in several points. It is elliptical in ambital outline, 
whereas the holotype is sub-pentagonal. Its longer diameter appears to be in the direction 
of the antero-posterior axis, whereas in the holotype the transverse diameter is the longer 
one. Another difference is perforation of the extreme adoral tubercles, apparent in one 
of the ambulaeral areas of B.M., E. 18008. In the holotype, as stated in the description 
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... t j-nKprplpq and miliaries occur alternately just at 
(Currie, 1925, loc. cit.), small linper or _ * h extreme adoral main tubercle 

the peristome. In one of the ambulacra B1 ^ °° “ “ oolnmn tl , adoral to the first 
in both columns a and t .s * ™hary. To the diagnosis 

main tubercle, is a smaller peifo i i + u n erc les may be perforate, 

of Recrosalenia I would add that the extreme adoral tubercles may 1 

Family HEMICIDABIM. 

Genus Hemicidaris, Agassiz, 1840. 

2 Hemicidaris Uhinensis, Currie. 

Hemicidaris Uhinensis , Currie, 1925. Loc. cit., p. 59, pL iz, fig- 3 «■, b 

,..sr - 

Distribution. — Bihin Lst., Bihendula; Deberawema, W. bon . 

Family ? 

Genus Farqtjharsonia, n. gen. 

the transverse sutures of the plates. Secon y narrow, the 

- *. ^ 

ambulacral lobe. . • „ „ n 

Far quhar soma somahensis, n. sp. 

Material Holotype: British Museum, E. 18006. Paratype: British Museum, E 18007 

The holotype* is somewhat crushed and broken, and has matrix adhering m places while the 
surface ornament of the test, where exposed, is slightly abraded. In the paratype the whole 

surface is much abraded, and most of the oral surface 

Dimensions. — The diameter of the holotype is about 29-5 mm. and nei B i 
16 mm. The diameter of the paratype is about 32-2 mm. 

DestipFnof °tte fpeols^Z circular (to slightly pentagonal? in holotype) in ambital 
outline. Ambitus probably about one-third of the height above the base p lane. 0: ^al surface 
probably almost flat, slightly concave towards the peristome; apical surface hemisph 

depressed.^ Not clear in either of the specimens. Its antero-postenor 

diameter in the holotype is about 6 mm., and that of the paratype about 6 mm., ^1 
•18 of the diameter of the test. The penproct large and situated to the P osten 
Bystem. The genital plates comparatively large, the right anterior largest and P^bab y 
entirely covered with madreporic pores. Ocular plates small; the three anterior exsert and 
the right posterior insert with respect to the penproct (left posterior not visible) . 

Ambulacra.— Barrow. The holotype does not show the nature of the ambulacra p > 
but in the paratype they are apparently simple primaries, at least adapically. ore p 
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uniserial, departing only slightly from a straight line, and continuous thus to the peristome. 
The inner pore is circular, the exterior oval and obliquely set, separated by a large interporal 
granule. Where the test is worn as in the paratype, both pores appear more or less circular. 
Ambulacral tubercles small, in series along the extreme margins of the pore-fields, one to every 
three pairs of pores, situated between the first and second pairs of every triad, and, where 
the plating is visible, between two plates. In the adapical half of the area there are no 
secondary tubercles, the perradial tract being covered with a fine granulation or shagreening. 
In the adoral half of the area, very small secondary tubercles are developed, and the fine 
shagreening of the adapical half is replaced, or more probably masked, by a larger and more 
sparse granulation. The small secondary tubercles seem to occur in twos, in horizontal 
series, alternating with the main tubercles, the adradial one of the pair being in line with the 
main tubercle series. 

Interambulacra. — Wide. Plates low and wide. About 16 in a column in the holotype. 
Tubercles situated slightly adradially to the centre of the plates. The adapical tubercles 
(6-7 in holotype) are small and non-scrobiculate, 
and the plates are entirely covered by shagreening 
similar to that of the ambulacral areas. The 
tubercles of the ambital plates are large and fully 
developed; they become gradually smaller ador- 
ally, the extreme adoral tubercles being very small. 

The abrupt change from the undeveloped adapical 
tubercles to those that are fully developed is striking 
and occurs at, or slightly above, the ambitus. The 
large serobiculate tubercles are all more or less 
worn down, but they probably had small perforate 
mamelons on comparatively large smooth plat- 
forms, small bosses with steeply concave sides 
ending in well-marked basal terraces. Serobicules 
wide, circular, and contiguous in the adoral tub- 
ercles, but in the ambital tubercles distinct and adjacent. Faint cr.enulations are visible 
in some of the small adoral tubercles. Scrobieular rings composed of numerous (25-28) 
minute tubercles. In the holotype, small secondary tubercles are apparent in the adoral 
plates, adradially and interradially. The adradial secondaries form a roughly vertical series, 
slightly arcuate with the serobicules. The arrangement of the interradial secondaries is 
not clear. On one plate there are five (2 of them larger than the others), arranged at the 
angles of a pentagon, and on another plate there are only two arranged in vertical series. 
In each column of plates, the plate bearing the last serobiculate tubercle (fig. 36) (which is 
the largest of the series, and is just at, or slightly above, the ambitus) differs from the adoral 
plates in the absence of secondary tubercles; or, if present, they are indistinguishable from 
numerous small miliaries, which occur on the extra-scrobicular surface near the scrobieular 
ring. The shagreening of the adapical plates is probably present in the adoral plates also, 
but is not so obvious, as small granules are sparsely and irregularly scattered among the 
secondaries. 

Peristome. — Probably in a concavity of the base. Interambulaeral lobes wide and with 
straight margin at the peristome. The gill-slits (three visible in holotype) are long and 
parallel -sided, and the interambulaeral edge is thickened by a slight ridge. Extending from 
the top of the gill-slit towards the peristome, and at an angle to the direction of the slit, is 



Fig. 3 . — Farquharsonia somaliensis , n. gen. and sp. 

Figs. 3 a-c. — Diagrams of interambulaeral plates of holo- 
type. 3a, adapical ; 36, ambital, the plate bearing 
the last serobiculate tubercle ; 3c, below the ambitus. 

Fig. 3d . — Diagram of extreme adoral portion of an inter- 
ambuiacral area in holotype showing the gill-slits. 
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another slight ridge, two of these in an interambulacrum meeting around the adoral extremity 
of the area. The interambulacral series of tubercles extend adjacent to these inner ridges, 
and the small triangular space between the inner ridge and the ridged edge of the gill-slit is 
slightly depressed and bears a few granules. The appearance of the interambulacral lobe 
suggests that the inner ridge is the margin of an earlier gill-slit, and that steieom formation 
along this margin has reduced the original slit to its present parallel-sided shape (fig. 3d). 

Affinities.— The unusual character of this species has necessitated the creation of a new 
genus,' which I have called Farquhar sonia, after the collector of the specimens. In Farquhar- 
sonia, as already stated, the adapical ambulacral plates are simple primaries, and the ambul- 
aeral tubercles are situated between the first and second plates of every triad. This arrange- 
ment is characteristic of Orthopsis, but it occurs also in the adapical plates of the Galycina 
and the Diadematid®, and is, according to Professor H. L. Hawkins,* preliminary to the 
formation of triads. One cannot make out from the two specimens available the nature of 
the ambital and adoral plates. The arrangement of the pore-pairs in simple series from the apex 
to the peristome, however, and the situation of the tubercles between two pore-pairs of every 
three, render it highly probable that the plates in those areas are simple primaries also. 

A first examination of the specimens of Farquhar sonia suggested that they might belong 
to the genus Orthopsis. The small apical disc, the simple series of pore-pairs from apex to 
peristome, the simple primary ambulacral plates (although only visible adapieally), the 
situation of the ambulacral tubercles and the shagreening of the surface of the test are points 
which lead to this view. The ambulacral tubercles, both main and secondary, are, however, 
smaller than is usual in Orthopsis, and the tubereulation of the interambulacral areas also does 
not agree with that genus. As pointed out by Dr F. A. Bather, f the main interambulacral 
tubercles in Orthopsis are adoral in position on each plate, and the secondary tubercles, which 
are large, are adapical. According to the same writer, another feature of Orthopsis is the 
absence of convergence of the main interambulacral tubercles at the peristome in conjunction 
with the wide, straight, interambulacral lobe. In the present species the main interambulacral 
tubercles are situated centrally with respect to the transverse sutures of the plates, and the 
secondaries are very small. The main series are convergent, almost touching at the peristome, 
so that very little resorption has taken place. Nevertheless, the species agrees with Orthopsis 
in having a wide, straight, interambulacral lobe; but whereas that of Orthopsis is the result 
of resorption, in this species it appears to be the result of stereom formation, producing the 
triangular areas on the interradial margins of the gill-slits. 

The present species also resembles Hemipedina, the arrangement of the tubercles in the 
adoral interambulacral plates being somewhat similar to that in such species as H. perforata 
Wright, H. waterhousei Wright, and H. -tuberculosa Wright, in which the secondary tubercles 
are small and even difficult to detect. The interambulacral plates in Farquharsonia differ, 
however, in being much lower and wider than those in the above species of Hemipedina. 
The small size of the apical disc in Farquharsonia is another point of difference from Hemi- 
pedina, in which the apical disc is large, being usually about one-third of the diameter of the 
test, although it may be more or slightly less. In the present species the apical disc is about 
•18 of the diameter of the test. 

In the sparse tubereulation of the adapical interambulacral plates, the species differs 
from both Hemipedina and Orthopsis, but this is probably only a specific character. The 
upper mid-zonal plates of the interambulacra (those just at or slightly above the ambitus) 

* Hawkins, 1920. Loo. cit., p. 389. 

t Batheh, 1909. Triassic Echinoderms of Balcony, p. 108. 
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are less elaborate than more adoral plates, so the species is probably regressive. In its 
unusual gill-slits also Farquliarsonia differs from both Hemipedina and Orthopsis. 

In discussing the genus Orthopsis, Dr Bather (loc. cit., pp. 107-109) pointed out that 
that genus is less primitive than would appear from the character of the ambulacra, and in 
a concluding hypothesis (loc. cit., p. 116) setting forth the evolution of various genera, it is 
stated that Orthopsis arose as a branch from Hemipedina, a branch with enlarged secondary 
tubercles. It is interesting, therefore, to find that in the new genus Farquliarsonia, the 
main features are those of a possible link between these two genera. Farquliarsonia might 
be described (apart from its unusual gill-slits) as an Orthopsis, in which the interambulacra 
are of the more primitive type of Hemipedina. It is possible that its systematic position 
is somewhere in the line or lines of descent from Hemipedina towards Orthopsis, although 
this probably implies that the simplicity of the ambulacra in Farquliarsonia is secondary. 
If one regards Hemipedina as ancestral to Farquliarsonia, and if the ambulacra of Farquhar- 
sonia are as simple as one supposes, then their simplicity must be a reversion from the 
Hemipedina ambulacrum to the more primitive condition. In the case of Orthopsis. Dr 
Bather (loc. cit., p. 108) regarded the ambulacrum as not a simple reversion, but as a step 
towards increasing the number of tubercles in the area. In Farquliarsonia, also, there are 
secondary tubercles in the ambulacra, but all the ambulacra! tubercles are small, and there is 
no reason, in this case, to connect them with a reversion of the pore-pairs to straightness. 

An alternative to the above view of the origin of Farquliarsonia is that Farquliarsonia 
and Hemipedina are derived from a common Hemipedina- like ancestor with uniserial pore- 
pairs and simple primary plates; and that while the Hemipedina branch evolved to a stage 
of more complex ambulacral plating, the Farquliarsonia branch retained its simple ambulacra 
and progressed in the direction of the present Farquliarsonia. Among known genera the 
Liassic genus Archceodiadema, J. W. Gregory (1896, Geol. Mag., p. 317), regarded by later 
writers (J. Lambert,* 1900, and P. A. Bather, 1909, loc. cit., p. 104) as synonymous with 
Hemipedina, is the only one which might fit the case. Its ambulacral plates are not all simple 
primaries, but its pore-pairs are uniserial (as in Farquliarsonia, departing only slightly from 
a straight line) ; at the ambitus, the ambulacral tubercles are situated between two plates 
of each triad, while the third plate of the triad bears a small secondary tubercle. In these 
respects Farquliarsonia agrees with Archceodiadema ; they differ in the absence of secondary 
interambulacral tubercles in Archceodiadema and the large size of its apical disc. Before 
arriving at any definite conclusion as to the systematic position of Farquliarsonia, one would 
have to know the nature of its ambital and adoral ambulacral plates. 

The gill-slits of this species distinguish it from both Hemipedina and Orthopsis, and indeed 
from other Jurassic and Cretaceous genera. Certain species (from the Miocene of Algeria), 
figured by Pomel f and referred by him to the genus Anapesus, Holmes, 1860, show a some- 
what similar triangular border to the gill-slits associated with similar long, narrow slits. In 
this respect A. serialis (loc. cit., p. 303. 0, pi. iv, figs. 1-7) is very similar to Farquliarsonia 
somaliensis. In A. maurus (loc. cit., p. 302, G, pi. vii) the triangular area is smaller. In 
A. angulosus (loc. cit., p. 305, 0, pi. vi) the triangular area appears to extend across the 
gill-slit, cutting off a part of it from the peristome. The figures of Oligophyma cellensis, 
Pomel, and 0. oranensis , Pomel (loc. cit., p. 307, pi. x), also show somewhat similar 
triangular areas bordering the gill-slits. Agassiz J regarded Anapesus as synonymous with 

* Lambert, 1900. “ jfitude Bur quelques Echinidcs do ITnfra-Lias ct tin Lias,” Bull. Soc. Sci. Yount , vol. liii, pt. 2, p. 29. 

•f Pomel, 1887. PaleonL de V Algerie, fase. 2, iivr. 2, Ecliinod., p« 297. 

X Agassiz, A* “ Revision of the Echini,” Mem. Mm. Qomp . ZooL Harvard , vol. iii, 1872-74. 
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v , t T amrfrt * the species referred by Pomel to 
the recent Toxopneustes. According o . ' ^ left w ith Schizechinus, Pomel, 1869, 

Anapesus do not belong to that genus J ToxopneU stes. Furthermore, he considered 
which he (J. Lambert) regarded as a ^b- b * ^ 1 belonging to the genus Anapesus. 

the two species which Pomel referred to 0 J ijy^ to S chizechinus, regarding 

Cottreau t removed only Pomel s spec J Discussion of these genera is 

both Schizechinus and Anapesus as sub-genera oi Ecimms. 

unnecessary here. . w qome species of the recent Toxopneustes, Hipponoe, 

It is of interest to note that m at leas > 1 dll -slits there is, at the inter- 

THpnemtes, and Pseuioboletia, which have ° resemblance to that in the 

ambulacral margin oi the slits a struct™ him,. In these species the 

Jurassic Farquharsoma and m the Kamoz V wedae _ s baped piece which externally 

rounded interambulacral lobe has, on eac si , at & ed one. Sometimes the marginal 

has the appearance of a triangle, usua y an ex r ' ^ - along the interambulacral 

triangular area is so elongated as “s again it is larger, approach- 

margin of the slit (as in Hipponoe esculenta (Leske)), , but m ot ei ^^ 1 ^ % * d%ma (Mich.), 

iug in shape that observed the cuts (are) quite well 

m which, according to Agassiz^ . , ■ areas in Farquharsoma are pro- 

developed”). It would seem, therefore, that th * ^ “^margins of the gill-slits, 

bably intensifications of a normal thickening o j The aliTan tage 

of the protractor muscles of the jaws. 

Family DIADEMATID^E. 

Genus Echinotiara, Pomel, 1883. 

Echinotiara somaliensis, n. sp. 

Diaanosis. — An Echinotiara in which the pore-pairs are arranged m silg ^ 
triplets from the peristome to within a short distance of the apica iw- e “ The 

nbites with the exception of the extreme adapical plates, are very 10W 
adapical ambulacral and interambulacral tubercles are very sma ^ homogeneous, 

than the miliaries which cover the plates; the milianes comparatively large, no b 
and tending in the interambulacral plates to a rough arrangement m horizontal rovs esp 
ally in the Lbital plates. In the adoral plates, where the tubercles are larger and secondaries 

, K 18009. The Peristome and 

the oral surface are obscured by adhering matrix, and the surface oi the test worn po 
Dimensions. — Diameter (D), 16-9 mm.; height (H), 9-3 mm.; H/D, *o8. 

DeT^pkm^°^ d Sohtype.--T6Bt small, circular in ambital outhne; ambitus slightly 
below the mid-height; oral surface almost flat (?), apical surface hemispherical depress d.^ 
Apical System.— Pentagonal. Periproct large, slightly to the posteno . 

* T ambbet 1907. “Desor. dcs Eehinides foss. de la Prov. do Barcelone,” Mem. Soc. CUol. drawee. Pal. 1L No. 

c „ * t Cottreau, 1913. Les Eehinides du Bassin mediterranean, Ep. Neoge > P* 

fasc. 2 — 0 , p. u/ . I ■ 7 

± Agassiz, loc. tit., p. 456, pi. va, fig. 






JURASSIC AND EOCENE ECHINOIDEA FROM SOMALILAND. 


421 


anterior genital plates largest. The ocular plates small, the three anterior exsert with respect 
to the periproct; the outlines of the two posterior oculars not clear. 

Ambulacra.- — Narrow. Pore-fields narrow. Pore-pairs in slightly oblique triplets, 

arranged on each plate in slightly arcuate triplets, the adoral pair nearest the perradial 
suture. Ambulacra! plates compound, of simple diademoid type. Perradial and adradial 
sutures slightly depressed. The tubercles are situated on the margins of the pore-fields; 
they are small on the apical surface but larger on the oral surface. Miliaries are irregularly 
scattered over the plates and are so large as to render the 
small, worn, adapical tubercles not readily distinguishable 
from them. 

Interambulacra. — About twice the breadth of the am- 
bulacra. Interradial suture in a depression especially ad- 
apically. Plates low and wide, about seventeen in a column. 

Plates slightly arched in two directions, very little from the 
adoral to the adapical transverse sutures and more from the 
adradial to the interradial suture. This is most marked in 
the plates just above the ambitus. The highest point of 
each plate corresponds to the position of the main tubercle 
which is situated slightly eccentrically towards the inter- 
radial and also towards the adoral suture. The tubercles 
are very small above the ambitus but are larger below it. 

The adapical plates with small main tubercle bear no 
secondary tubercles but are covered with miliaries similar 
to those in the ambulacra. Their arrangement in the 
extreme adapical plates is irregular, but towards the ambitus 
there appears to be a rough arrangement in horizontal rows, 
three rows on each plate. On the plates below the ambitus, the main tubercles are larger 
and secondary tubercles are also developed, one situated on the interradial side and one 
(in some cases two) on the adradial side of the main tubercle. Miliaries, slightly smaller 
than those in the adapical plates, occur in irregular rows on these adoral plates also and 
very minute granules are also interspersed. 10-11 adapical plates bear small main tubercles, 
and there are probably 6-7 adoral plates with large main tubercles and secondaries also. 

Peristome.- — Unknown. 

Affinities. — Echinotiara bruni, better known as Eehinodiadema bruni, Cotteau,* from the 
Bathonian of Niort, France, is the genotype of this rare genus.f The specimen under con- 
sideration seems to belong to the same genus. The arrangement of the pore-pairs in slightly 
oblique triplets, the compound diademoid plates, the marginal amb ul acral tubercles, the 
small adapical interambulacral tubercles situated on the highest points of the plates, and 
the sudden increase of tubereulation on the oral surface, both as regards size and number 
of tubercles, form a striking enough assemblage of their common characters. E. somaliensis 
appears to differ from E. bruni in the following respects: — (1) In E. somaliensis the pore- 
pairs are arranged in arcuate triplets until at least very near to the apical disc, whereas in 
E. bruni the adapical pore-pairs tend to be directly superposed, the arcuation becoming apparent 

♦ Cotteau, 1869. Rev. and Mag . de ZooL, set. 2, vol. xxi, p. 238, pi. xli; also in Echinides nouv . ou pen connus (1859-80), 
ser. i, p. 142, pi. xix, figs. 1-5. 

*]* The real Eehinodiadema is Veeeill’s recent genus (1867. u Notes on Radiata,” Trans . Conn. Acad., i, p. 295) ; Cotteau’ s 
Eehinodiadema bruni was placed by Pomel (1883. Classific, et Genera des Echinides , p. 82) in Echinotiara . 



Fig. 4 . — Echinotiara somaliensis , n. sp. 


Fig. Au . — Profile outline of holotype. 

Fig. 4b . — Diagram of portion of an am- 
bulacrum. 

Figs. 4 c-f . — Diagrams of interambulacral 
plates of holotype : 4c, extreme ad- 
apical ; 4 d 9 just above ambitus ; 4c, 
ambital ; 4/, below ambitus. 
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, , .. , m rp qomaliensis has a greater number of interambul acral plates 

towards the ambitus. (2) L. -- n n f tp (3) The interambulacral 

in a column and they are lower and wider than thereof ^ ^ 

tubercles of E. somaliensis are si ua e tubercles are described as situated on small 

ambulaoral plates; whereas m E hru ' e0Tering the plates of E. somaliensis 

-*•«■* rf in f e in “ Mral 

:^rs-se^r,r — *7 m ^ 

^oitdIu (1869, foe. at) likened his UMUm to PmmMctax, Agassiz, and 
nheed h “n the although he regarded it as being on the border line between the 

Dia demMa and the Eehinicke. As his figures of the genotype (foe. at.) show, however, 
"fall plates are of simple diademoid type and not eehinid; hence it does not belong 
_ 7 . - 7 j, • -n v OT1 |i ie border between the DiademaUdcs and the Pechnulce , 

15 mtTuded in the Echinidw. P. M. DoKoan t fg 
EcMnoiiadema (of Cotteao) in the Diaiermtidv, 

dema In this report, following the classification of Dr J. W. GnnooET.t Eclnnodtadema 
(ofcoTTEAu) is regarded as a genus in the Diode, mtidee. The tendency towards the Pedrnvlte 
is more marked in the present specimen than m the genotype, Echmohara hum the anan, . 
ment of the pore-pairs in E. somaliensis being a step farther m the direction of that family. 
The pore-pairs in E. somaliensis appear to be set closer together; they are arranged in obliq - 
triplets 1 to at least within a short distance of the apical disc, and the triplets are slightly 
more oblique. It may be that they are triserial right up to the apical disc. 


Family PEDINID.ZE. 

Genus Stomechinus, Desor, 1858. 


Stomechinus aff. microcy pirns, Wright. 

Stomechmus microcyphus, Wright, 1858. Monogr. Brit, Foss. EcUnod. Ool. Format., i, EcMnoidea, p. 213, 

pi. xv, fig. I a, b. 

Desor, 1858. Synop. Echinides Foss., Suppl., p. 431. 

Cotteau, 1884 and 1885. Pal. Franc., Terr. Jurass., 10, Echinides Reg., p. 763, 
pi. 478, figs. 2-5, and p. 894, pi. 514, figs. 1-12. 

Material . — One specimen (B.M., E. 18026) the surface of which is worn and decorticated. 
Dimensions . — Diameter (D), 28-6 mm.; height (H), 16-8 mm. approx.; H/D, -o9. 





Bihendula. ., 

-This specimen is very near to the species S. microcyphus Wright from tne 
England and France. It has four series of tubercles in the ambulacra at the 
welve in the inter ambulacra, and the tuberculation appears to be of the same 

t species. _ 

Kitohin has been kind enough to enable me to borrow a specimen of b. micro- 
eolleetion of the Geological Survey Museum, Jermyn Street (No. 32319 from the 
of Minchinhampton), which, he has informed me, Professor Hawkins thinks 
aoiRltr La t.Lfi t.vue-suecimen of Wright. The nresent specimen from Somaliland 
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differs from No. 32319 of the Survey Museum in being of large diameter and in being slightly 
more depressed, while more essential differences are the lower, wider interambulacra] plates 
and the smaller peristome of the Somaliland specimen. 

As remarked by both Wright and Cotteau, 8. microcyphus strongly resembles Poly- 
cyphus normannus Desor, but P. normannus differs in having a greater number of inter- 
ambulacral tubercles at the ambitus and in their more regular arrangement. Two specimens 
from Somaliland, which I described as Polycyphus cf. normannus (Currie, loc. cit., 1925, 
p. 62, pi. ix, fig. 6), differ from the present specimen, E. 18026, in these respects, and also in 
being more depressed and of larger diameter. 

Family PYGASTERID2E. 

Genus Holectypus, Desor, 1842. 

Holectypus, sp. indet. 

Material. — One much worn specimen, B.M., E. 18010. The tubereulation of the test 
is destroyed and the peristome is concealed by matrix. 

Dimensions . — Ant. -post, tliam., 20-5 mm.; trans. diam., 19-6 mm.; height, 9*3 mm. 

Locality. — Biyo Dader Tug or Well. 

Remarks. — The periproet is large and pyriform and extends from the margin to near the 
peristome as in H. depresms (Leske).* One naturally compares the specimen with H. 
depresms, one of the commonest of Jurassic Holeetypi, but, considering its state of preserva- 
tion, it could equally well be likened to H. eorallinus , d ’ 0 rb . j or H. arenatus (Desor),! or 
possibly other species of Holectypus in which the form is depressed and the periproet extends 
from near the peristome to the margin. 

Holectypus, n. sp. 

Material. — One poorly preserved specimen, B.M., E. 18005. 

Dimensions. — Diameter (D), 82-3 mm.; height (H), 15-5 mm.; H/D, 0-48. 

Locality. — Biyo Dader Tug or Well. 

Description of Specimen. — The upper surface of E. 18005 is bluntly conical, the edges 
rounded, and the lower surface almost flat with the peristome in a small central depression. 
The peristome is evidently very small. 

The outline of the periproet is in- 
complete, but from what is visible one 
would say it is narrowly elliptical and 
situated equidistant from peristome 
and margin; its length is probably 
equal to about half the distance be- 
tween the peristome and the margin. 

The tubereulation is of the Py- 
gaster- type described by Professor 
H. L. Hawkins.§ It can only be 
observed on two plates situated just below the ambitus; their surface is worn and cracked, 

* Leske, 1778. AMU. ad Kleini dispos . Echinod p. 164, pi. xl, figs, 6-6. 

f DT)kbigny, 1850. Prod, depaleont . stmt., t. 11, p. 26. 

+ Desob, 1842. In Agassiz, Monogr. des Echinod ., iii, Gaterites, p. 68, tab. ix, figs. 11-13. 

§ Hawkins, 1911. u The Tubereulation of the Holectypoida,” Geol. Mag., n.s., dec. v, vol. viii, p. 442. 



Fig. 5a. — Diagram of oral surface of B. M., E. 18005. 

Fig. ob . — Diagram to show tubereulation of interambulaeral plates just 
below ambitus. 
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, , „• . i rf>w 0 f tubercles oil the interradial and the oblique rows 

but one can make out the horn c appear to be three tubercles in the hori- 

on the adradial side ot the mam tubeic . - originally The ambulacral areas 

zontal row on each plate, but there may have been lorn originally. 

probably bear six vertical series of tubercles. . Pyqaster- type of tubereulation, 

AffinUies-m the posrt.on of the penproet and the P„a S H 

the specimen E. 18005 . s.mhar to H. and in its ambulacra being 

H. choffati differs in being very much larger and more depressed ana 

relatively much narrower. , (IhassizH from the Oxfordian of France 

in its torn and to thepStton of the periproet, although that of the present rad 
narrower than that of H. plam.s. H. flrnus is a much smaller species than the present 

the tubereulation is probably not of the same type. 


Family CASSIDULIDiE. 

Genus Clypeus, Leske, 1778. 

Clypeus wylliei, Currie. 

Clypeus wylliei, Currie, 1925. Log. cit., p. 63, pi. x, figs, lac 

Material . — One specimen, B.M., E. 18028. 

Distribution .— Bihin Lst., Bihendula. 


Genus Pygurus, Agassiz, 1839. 

Pygurus smelliei, Currie. 

Pygurus smelliei, Currie, 1925. Loc. cit., p. 67, pi. x, fig. 5 a-o. 

Material . — One specimen, B.M., E. 18027. 

Distribution . — Bihin Lst., Bihendula. 


Pygurus cf. depressus, Ag. var. somaliensis, Currie. 

P. depressus, var. somaliensis, Currie, 1925. Loc. cit., p. 65, pi. x, figs. 4 a-c. 

One somewhat flattened specimen of Pygurus (B.M., E. 18029) from Bihendula may 
possibly belong to the above species, but it differs from all the other specimens of the variety 
that I have examined. It is larger than the other specimens, its length being abou 
70 - 5 mm. Its main difference lies in its very wide ambulacral petals and the relatively very 
wide pore-fields. Furthermore, the petals are raised above the level of the interambulacra. 
As previously stated (Currie, 1925, loe. cit., p. 67) the ambulacral petals vary in this species, 
tlie breadth of the perradial tract, as compared with the pore-fields, varying considerably, 
and it is possible that the specimen under discussion is an extreme form of this variation. 
As the floscelle and the greater part of the oral surface are concealed by matrix, detailed 
comparison is impossible. 

* De Lobiol, 1890. “ Descr. de la Fauno Jurassique du Portugal,’’ Oommiss. Tramux Geol du Portugal, fasc. i, Echmides, 

p, iii, pi. xx, figs. 1-2. 

Agassiz, 1840. Gated. Syst. Ectyp. Echinod. Mas. Neoc p. 7 ; also Desob, 1842. Loc * cit., p. 64, tab. 9, figs. 1—3. 
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Genus Bothriopneustes, R. Fourtau, 1924. 

Bothriopneustes somaliensis (Currie). 

Syn. Clypeobrissus somaliensis, Currie, 1925. Log. tit., p. 69, pi. x, figs. 6 a-c. 

Material. — Eight specimens, B.M., E. 18018-E. 18025. 

Dimensions. — Length, 47-81-3 mm.; breadth, 0-98-0-95 of the length; height, -43—47 
of the length. 

Distribution. — Bihin Lst., Bihendula. 

Affinities. — The genus Bothriopneustes Fourtau is described in a posthumous 1924 
publication of the late R. Foxjbtau * on Jurassic Echinoids from North Sinai. Not being 
cognisant of this work, I described a new genus Clypeobrissus, based on specimens of the present 
species from Somaliland in the Hunterian Museum, Glasgow University. I have since found 
that Clypeobrissus is the same as R. Fourtau’s Bothriopneustes and the name Clypeobrissus 
must therefore be suppressed. 

The genotype is Bothriopneustes lamberti Fourtau ( loc . cit., p. 28, pi. ii, fig. 5) with which 
the Somaliland species is no doubt congeneric, and from which it is also quite distinct. B. 
lamberti is a narrower and also a rather more depressed form than B. somaliensis-, it is also 
more contracted towards the posterior, being sub-rostrate. Furthermore, the pore-fields of 
the petals are relatively narrower than in B. somaliensis. 

On the other hand, B. somaliensis is extremely like Bothriopneustes orientalis Fourtau 
(loc. cit., p. 29, pi. v, fig. 9-13) from the same locality as B. lamberti. It is even pos- 
sible that comparison of actual specimens might prove them to be the same, but in the 
meantime, as there appear to be several points of difference, it is better to keep them 
distinct. 

The figured specimen of B. orientalis (loc. cit., pi. v, figs. 9-12) is relatively narrower 
than B. somaliensis, and, no doubt, is the specimen of which the dimensions are given, showing 
that the breadth is -83 of the length. In B. somaliensis the outline of the test is more nearly 
circular, the breadth varying from -91 to -95 of the length, -95 being the commonest pro- 
portion. (This statement is based on the specimens in the Hunterian Museum as well as 
those in the present collection.) Fourtau, however, gave dimensions of another specimen 
of B. orientalis, in which the breadth is -91 of the length, a proportion near that of B. somaliensis. 
In B. somaliensis, the height varies from -48— 49 of the length. In the two specimens of 
B. orientalis already referred to, for which Fourtau gave dimensions, the height is -54 and 
•52 respectively. 

According to Fourtau, the apical system of B. orientalis is situated anteriorly to the 
centre (-44 of the length). In B. somaliensis, the apical system is central or very slightly 
to the posterior. 

The apical surface of B. orientalis is more uniformly rounded than that of B. somaliensis 
which is usually bluntly conical, the apical disc being at the apex. This conical appearance 
of the apical surface in B. somaliensis is very marked in some specimens, but is only 
slight in others, which tend to have the more rounded appearance of B. orientalis. The 
margin of the test in B. somaliensis appears to be thinner and more undulating than that of 
B, orientalis. 

* Foubtatj, 1924. “ Catal. des Invert. Foss, de l’Egypte, etc.,” GeoL Siirv. Egypt, Palseont. Ser. No. 0, Terr. Jurass., 
pt. 1, p. 27. 
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EOCENE ECHINOIDEA. 

Family FIBULAE! DM. 
Genus Sismonbia, Desor, 1858. 


Sismondia, spp. 

Material. — A number of pieces of limestone containing specimens of ^ 

Localities.— (1) Top of gypsum lull, Shahan, between Lngav c Q M h 

Hills to the east of Bihen-Gaha Pass, E. of Berbers, N. Som. (3) 2* miles west, of Gab , 

Ferr 0f ^he 8 spSmens ^Sismondia in the limestone, I have not, unfortunately, been able 
to remove even one completely from the matrix. There are at least two species represented 1, 
for there are apical surfaces with straight-sided narrow petals, and others more numerous 
with wider tapering petals. There are also oral surfaces with the periproct near the margin 
and oral surfaces with the periproct almost halfway between the margin and the pens ,om 
One cannot with certainty correlate the apical and oral surfaces m the limestone, but it is 
probable that the specimens with tapering petals and those with the periproct ra way _ e i weei 
maroin and peristome represent one species; while the specimens with narrow petals and 
those with the periproct near the margin represent the other. The assoeia ° ^ 

and apical surfaces in the limestone, on the whole, supports this relationship The specif 
of limestone in which the apical surfaces have the wider type of petals are marked A and th 
with narrow petals B. As it is often difficult to distinguish the oral surfaces definitely as 
or B, the labelling refers mainly to the apical surfaces. Some of the specimens of h mestone 
from Locality 1 show apical surfaces of A and oral surfaces of both A and . 
the possibility of there being two species with wide tapering petals but was unable to dctec 

two types of the wider petals. 

Sismondia, sp. indet. (A). 


Dimensions.— The antero-posterior diameter varies from about 6 to 11 mm, 
verse diameter is about -9 of the antero-posterior diameter. 


The trans- 



Localities. — 1 (B.M., E. 18030-33) and 2 (E. 18037). 

Description of the Species.— Ambital outline subcircular to elliptical, 
pentagonal. Apical surface probably comparatively high and uniforn 
genital pores. Ambulacral petals wide, their greatest breadth at about one 
from their adoral extremity; from that point they taper gradually to 
contract slightly adorally, having the appearance of a rounded adoral 
the pore-fields do not meet. Pore-fields widest at the widest part of the p 
contracting slightly adapically and adorally. Perradial tract widest at t! 
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Sismondia. It is similar to 8. logotheti De Loriol * from the Lower Eocene (Upper Libyan) 
of Egypt and to S. polymorpha Duncan and Bladen, f from the Kirthar Series of Sind in 
the position of the periproct and in having wide tapering petals, but differs from both in 
the form of the test and in the details of the petals. The apical surface of S', logotheti is conical 
and the test is thin on the margin and the pore-fields appear to be relatively narrower than 
in the present species. In S. polymorpha, the apical surface is almost flat, the pore-fields 
curve outwards at their adoral extremities and the perradial tract is very wide. In the 
form of the test, the present species is probably more like 8. scemanni, De Loriol T. from the 
Middle and Upper Eocene of Egypt, but in that species the periproct is probably nearer the 
posterior margin and certainly the petals are different; their widest point is nearer their 
adapical than their adoral extremity and the perradial tract, compared with the breadth of 
the pore-fields, is much wider than in the present species. 

Sismondia, sp. indet. (B). 

The specimens of this species showing apical surfaces are few in number. The test is 
subcircular, in ambital outline with uniformly rounded apical surface. The diameter varies 
from about 3-5 mm. to probably as much as 7-5 mm. The periproct is situated near the 
margin, and on the margin in very small specimens. The petals, for the greater part of 
their length, have straight almost parallel pore-fields. In some specimens the pore-fields 
appear to continue thus to the adoral extremity of the petal, but in others again they appear 
to taper towards one another at that extremity. The perradial tract is equal to, or a little 
broader than, a pore-field. In some specimens the petals are raised above the level of the 
interambulacra. The pores are small, round, and conjugate, the conjugation lines horizontal. 
S. isulis, Fourtau § has similar round, conjugate pores in straight pore-fields, but in that 
species the petals are wider and the perradial tract wider than in the present species. More- 
over, in (S', isidis, the periproct is situated midway between the margin and the peristome. 

Localities.— 1 (B.M., E. 18034-36)?, 2 (E. 18038), and ? 3 (18039). 

Family NUCLEOLITIDJ3. 

Genus Pygaulus, Agassiz, 1847. 

Pygaulus ? sp. 

Material. — Several specimens which are all more or less siliciiied and are very imperfectly 
preserved. The general form and longitudinally elongate peristome suggest the genus 
Pygaulus which, however, is typically Cretaceous. 

Dimensions. — B.M., E. 18061, length, 20-5 mm.; breadth, 16-0 mm.; height, about 
12-0 mm. 

Locality. — Top of the Golis Range, W.S.W. of Upper Bheikh, N. Bom. 

* De Loriol, 1880. 44 Monogr. Echinides man. d’Egypte,” Mem. Boo . Phys. and Hist , Nat Geneve. , t. xxvii, p. 72, pi. ii, 
figs. 1-5. 

| Duncah and Sladen, 1884. 44 Dcscr, Foss. Echinoidea W. Sind,” Pal Indica, ser. xiv, vol. I, 3, fasc, ill, p. 137, pi. xxv, 
figs. 1-13. 

$ Dm Loriol, 1880. Loo. cit, p. 73, pi. ii, figs. 6-7. 

§ Fourtau, 1909, 44 Dcscr. des Echinides Foss, etc.,” Mem. Instil. Egypt, t. vi, fasc. ii, p. 127, pi. vii, figs. 11-14. 
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Family CASSIDULIDiE. 
Genus Cassidtjlus, Lamarck, 1801. 


Gassidulus ? sp. 

Material — One specimen, B.M., E. 18047, which is broken, silicihed, and iron stained. 
The peristome is not visible, so that, as far as one can tell, the specimen might equally well 

be a Nucleolites. Its length is 19-4 mm. 

Locality . — Hill at Dubbar Well, between Upper Sheikh and burao, In. bom. 


Gen. and sp.? 

Material. — Specimen B.M., E. 18067, a silicihed test, stained with iron. 

Dimensions. — Length, 24-6 mm.; breadth, 21-8 mm.; height, 14-8 mm. 

Locality.— Top of the Golis Range, W.S.W. of Upper Sheikh. 

Description of Specimen . — This specimen is elliptical in ambital outline, with apical and 
oral surfaces both flat and the margin of the test steep and rounded. The periproctal opening 
is greatly enlarged, occupying most of the posterior margin of the test, and its natural shape 
and position cannot be determined with certainty. The peristome is surrounded by a well 
developed floscelle, and had it been of the ordinary type, one would have said that the 
specimen was probably a Catopygus; but the floscelle appears to be unusual and suggests 
that the specimen may represent a new genus. On looking at the oral surface, one receives 
an impression that the bourrelets are radial in position and the phyllodes interradial. Certainly 
in the radial position of the ambulacra there are prominences like bourrelets separated by 
hollows in the interambulacral areas. Each interambulacral hollow ends at the peristome 
in a very small knob or tubercle which, no doubt, corresponds to the real bourrelet. 
The specimen is very poorly preserved and no trace of the pores is apparent, but it is likely 
that they extended round the bases of the ambulacral prominences to the peristome. 

Gen. and sp. ? 

Material. — A small specimen, B.M., E. 18075 (silicified and iron stained). 

Dimensions. — Length, 15-5 mm.; breadth, 18-2 mm.; height, 9-8? mm. 

Locality. — East side of Bosti, about twelve miles S.S.E. of Berbera, N. Som. 

Description of the Specimen. — This specimen is oval in ambital outline, its greatest breadth 
about one-third of its length from the posterior; from there it contracts towards a rounded 
anterior end and more rapidly to the posterior, which is sub-rostrate. Oral surface flat, 
apical surface high and rounded, the highest point posteriorly eccentric. Periproct low down 
and not visible from above; it is broken, but it appears to be marginal or infra-marginal, 
set obliquely at the extremity of the posterior rostration, by which it is slightly overhung. 
Only a small portion of an ambulacral petal is exposed, and in it the pores are small and 
round. The peristome, which is slightly to the anterior of the centre, is elliptical, elongated 
in the direction of the antero-posterior axis, and surrounded by an ornamental rim. 
Unfortunately one cannot make out the detail of this structure. 

Affinities . — This specimen seems to agree in most respects with the genus Neocatopygus 
described by Dunoan and Bladen * from the Ranikot Series of Sind. Its main difference 
from that genus is in the peristome being elliptical, whereas that of Neocatopygus is pen- 

* Doncan and Bladen, 1882. “ Foss. Echinoidea W. Sind, etc.,” Pal. Ind., ser. xiv, faso. ii, p. 76. 
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t, agonal ; both are surrounded by an ornamented wall-like rim. The periproct of Neocatopygus 
is described (be. cit.) as supra-marginal, but in the figures given of the genotype, N. rotundas 
(op. cit., pi. xvi), it appears to be obliquely marginal, low down on the test and not visible 
from above. The periproct of the present specimen, when complete, may quite well have 
been similar to that of the figured Neocatopygus. 

Genus Echinolampas, Gray, 1825. 

Echinolampas cf. amygdala, Desor. 

Echinolampas amygdala , Desor, 1847. In Ag. and Desor. Catal. Rais. des Echinides, Ann. Sci . Nat., ser. 3, 

t. 7, p. 164. 

, ,, Desor, 1857. Synopsis des Echinides Foss., p. 304. 

,, ,, De Loriol, 1880. Monogr. des Echinides Num. d’Egypte, Mem. Soc. Phys. and Hist . 

Nat. Geneve , t. xxvii, p. 96, pi. vi, figs. 2-3. 

,, ,, Cotteau, 1891. Pal. Franc., Terr. Eoc., ii, Echinides, p. 159. 

,, ,, (pars) Fourtau, 1898. “ Revis. des Echinides,” Mem . Institut Egypt., t. iii, fasc. viii, 

p. 660. 

Echinolampas perrieri, Gregory non De Loriol, 1S98. Egypt. Echinoidea, Geol. Mag., dec. iv, v, p. 156. 

Echinolampas amygdala, Fourtau, 1913. Catal. Invert. Foss, de PEgypte, Geol. Sum. Egypt, Paheont. Ser. No. 1 , 

Terr. Tert., pt. i, Echinides Eoc., p. 32. 

Material. — Three specimens, one of which, B.M., E. 18058, may be regarded as typical 
of the species. It is well preserved, except that a part of the oral surface, including the peri- 
stome, is broken. B.M., E. 18059 is crushed, but it shows the peristome very well. 

Dimensions. — B.M., E. 18058; length (L), 45-5 mm.; breadth (B), 87-6 mm.; B/L, *82; 
height (H), 22-5 mm.; H/L, -49. 

E. amyg. De Loriol; length (L), 80-88 mm.; B/L, -74; H/L, -50. 

E. amyg. Coll. Egypt. Surv.; length (L), 46 mm.; breadth (B), 88 mm.; B/L, -88; 
height (H), 20-5 mm.; H/L, -44. 

Localities. — Endasaf Hill (Asseh Hills), E. of Dodab and S. of Raguda, E. Som. A 
little S. of Bokh Camp and Durdur, E. Som. 

B.M., E. 1S058 is very like the specimens of E. amygdala, Desor, from the Mokattam of 
Egypt figured by De Loriol ( loc . cit.), one of which, according to De Loriol, is the type- 
specimen. The dimensions of the Somaliland specimen (E. 18058) are not in complete 
agreement with those given by De Loriol for the species, the breadth in E. 18058 being 
•82 of the length and therefore greater than in De Loriol’s specimens. (See dimensions above.) 
In its greater breadth it is nearer the specimen in the collection of the Geological Survey of 
Egypt, referred by Dr Gregory in 1898 (loc. cit.) to E. perrieri, and later by the late 
R. Fourtau (loc. cit., 1918) to E. amygdala. This specimen differs further from De 
Loriol’s specimens in its height being only *44 of its length. 

Details as to the number of pore-pairs in the petals of E. amygdala are not available, 
so comparison on this point must be omitted. It may be of use to give these details of 
E. 18058. 

In Amb. Ill the right pore-field (i.e. column a) has three pore-pairs more than the left 
(or column b ). 

In Amb. IV the posterior pore-field has about thirty-eight pairs of pores, having about 
ten pairs more than the anterior pore-field. 

In Amb. I the anterior pore-field has about forty-two pairs of pores, having seven pairs 
more than the posterior pore-field. 
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Apart from the difference in dimensions the only other apparent point in which the 
Somaliland specimens differ from the specimens figured by De Lobiol is in the position of 
the apical system In E. 18058 the apical disc is situated about -43 of the length from the 
anterior vertical plane. According to De Lobiol, the apical disc in E. amygdala is “tres 
excentriqueen avant,” and in the figures ( loc . cit.) it is certainly farther to the anterior than 
•43 of the length. It is possible that with variation in the dimensions there is also some slight 
variation in the position of the apical disc. Without seeing specimens of the rare E. amygdala, 
one can only refer the Somaliland specimens provisionally to that species, with which they 
may be identical and which they at least very strongly resemble. 


Genus Plesiolampas, Duncan and Sladen, 1882. 

Plesiolampas ? n. sp. 

Material . — One poorly preserved silieified specimen, B.M., E. 18060. 

Dimensions. — Length, 28-3 mm.; breadth, 23-3 mm.; height, 11*8 mm. 

Locality— Hoy of the Golis Range, W.S.W. of Upper 
Sheikh. 

This specimen is probably a Plesiolampas allied to 
those from the Ranikot Series of Sind described by 
Duncan and Sladen (1882, loc. cit., pp. 54-61). The 
form of the test is striking and the species would doubt- 
less be easily recognisable. It is oval in ambital outline, 
its greatest breadth about one-third of its length from 
the anterior margin. The apical surface, now broken, 
was no doubt flat. The oral surface is concave, being 
strongly arched in the direction of the anteroposterior axis and only slightly transversely. 
The margin of the test is tumid, especially anteriorly. 




a 

Fig. 6. — Plesiolampas, n. sp. 

Fig. 6a. — Outline of apical surface of B.M., 


Fig. 66.- 


E. 18060 
-Profile outline of same. 


Family SPATANGIDiE. 

Genus Pericosmus gregoryi, n. sp. 

Diagnosis . — A Pericosmus of depressed form; subcircular in ambital outline; apical and 
oral surfaces almost flat, only slightly rounded, margin of the test steep and rounded, ambitus 
about the middle height. Anterior groove hardly appreciable. Apical system ethmolysian 
with two genital pores. Ambulacral petals only slightly sunken, the pore-fields about twice 
the breadth of the perradial tract. 

Material. — Holotype: (B.M., E. 18080). The specimen is silieified and iron stained. 

Dimensions. — Length, 54*8 mm.; breadth, 55-6 mm.; height, 35? mm. 

Locality. — 1| miles from Mukroh Camp, S. of Hais, E. Som. 

Description of the Specimen . — The specimen is subcircular in ambital outline with a 
very slight anterior indentation. The apical surface of the test is almost flat, being only 
slightly rounded, and the oral surface, which is almost entirely removed, was probably gently 
rounded also. Margins of the test steep and rounded, the ambitus about the middle height. 
The apical system, which is central, is ethmolysian with two genital pores. The ambulacral 
petals are long, straight, narrow, only slightly depressed and very divergent, the anterior 
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elongated, the exterior longer than the interior one and tapering towards it, and each pore- 
field is almost twice the breadth of the perradial tract. Three small portions of a fasciole 
are apparent, two of them quite distinct, and the third so faint as to be doubtful. The 
most apparent portion occurs just below the ambitus in Amb. II. Another small portion 
occurs about the level of the ambitus in interambulacrum 8. The doubtful portion referred 
to occurs at a much lower level in interradius 1, and, if authentic, it would indicate that the 
fasciole is a marginal one and passes below the periproct. 



Fig. 7. — Pericosmus gregoryi, n. sp. 

Fig. 7«. — Diagram of apical surface of the hole type, B.M., E. 18080. 

Fig. 76. — Diagram of profile of same, “ d ” doubtful portion of fasciole. 

Affinities. — Comparison of specimen E. 18080 with various genera of the Spatangidce 
suggested five as possible, viz. Iraniaster, Lambertiaster, Holcopneustes, Prenaster, and Peri- 
cosmus. Lambertiaster, Gauthier * and Iraniaster , Cotteau and Gauthier, f are Upper 
Cretaceous genera which agree with the Eocene Holcopneustes, Cotteau, | in having a peri- 
petalous fasciole, the course of which extends some distance from the extremities of the 
ambulacral petals and which is sometimes marginal anteriorly. As there is no trace of an 
ordinary peripetalous fasciole in E. 18080, it seemed possible that the fasciole might be of 
this type. Iraniaster and Lambertiaster differ from Holocopneustes in their sub-pentagonal 
peristomes and from one another in the type of their sterna. As the oral surface of E. 18080 
is quite destroyed, identification with any one of these three genera would be extremely doubtful. 
It is sufficient in this case, however, to note that while in all three the peripetalous fasciole 
is some distance from the extremities of the petals and is sometimes marginal anteriorly, 
it is never so far distant from the extremities of the petals as in the present specimen, 
which leads one to consider its fasciole as more probably marginal than distantly peripetalous. 
The doubtful fragment of a fasciole near the posterior, already referred to, tends to confirm 
one in this opinion. 

Pericosmus. Agassiz, § and Prenaster, Desor, || remain to be considered. Both have 
marginal fascioles and Pericosmus has also a peripetalous fasciole, while Prenaster has a 
posterior peripetalous fasciole which joins the marginal one laterally. As already stated, 
no trace of a peripetalous fasciole is apparent in E. 18080, but, as it resembles Pericosmus 

* Gauthier, 1892. Notes sur lea Echinides Gret . rec. en Tunisie , par M, Auberfc, p. 28, pi. iii. 

f Cotteau and Gauthier, 1895. In De Morgan, Miss. Bn, en Perse , iii, pt. 2, p. 20. 

j Cotteau, 1889. “ Echinides rec. dans la Prov. d’ Aragon,” Ann. BcL Nat . ZooL, (7) viii, p, 34, pi. iii, figs. 20-22. 

§ Agassiz, 1847. u CataL Rais.,” Ann, Sci, Nat „ ser. 3, vol. viii, p. 19. 

|| Desor, 1853. u Note sur les Eeh.,” Act. Son Helv. Bci, Nat., p. 279. 
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rather than Premiter, I have assigned it to that genus In Preitader, the test is usually 
“ore tumid and the apical disc is always very eccentric to the anlenor. J here ,s no apparent 
reason why the present specimen should not be a ZVm« except the absence ot a peri- 
lous fascicle- Usually in this genus the peripetalous fasc.ole is apparent although the 

marginal one may be doubtful. , 

The present specimen, in its depressed, suborbicular form, differs from most species 

of Pericosmus. Its apical and oral surfaces are almost flat and its ambitus is about the imd- 
heio-ht- whereas in most specimens of the genus the oral surface is comparatively flat, the 
apical surface high, and the ambitus near the base-plane. As a rule the anterior indentation 
is more marked than in the present specimen. E. 18080 is most like Pericosmus bastennesensis, 
Cotteau * from the M. Eocene of France, but its apical surface is more depressed and its 
anibulacral petals are longer and narrower than those of the French species. 


Genus, Linthia, Merian, 1858. 

Linthia somaliensis, n. sp. 

Diagnosis. — Test depressed, ruggedly oval in marginal outline, contracted slightly towards 
the posterior to an indefinite posterior truncation; deeply indented by the anterior sulcus. 
Posterior face almost vertical. Posterior interambulacrum subcarinate on the apical 
surface, inflated on the oral surface. The pore-pairs in Amb. Ill on the apical surface, in 
depressions in the adoral, adradial comers of the plates. The amb. petals in rounded, com- 
paratively shallow grooves and of almost uniform breadth except where they taper at the 
apical disc. The pores large, circular, conjugate, those of a pair separated by a distance 
slightly greater than their own diameter. Perradial tract in the petals very narrow in com- 
parison with the breadth of the pore-fields, approximately one-half. The pore-pairs situated 
in well-defined grooves separated by ridges bearing granules or small nodosities. 

Material. — Holotype : Brit. Mus., E. 18051. Paratypes: Brit. Mus., E. 18052-54 and 
E. 18079. The holotype is complete except at the periproct, but the apical system and the 
greater part of the anibulacral petals are obscured by matrix. Its surface is abraded. 
E. 18052 is a broken and weathered specimen, but it shows the apical system, the peristome, 
and part of the petals. E. 18058 shows one posterior petal completely. E. 18079 is a young 
individual, the test of which is broken both at the anterior and at the posterior. The 
sutures of the plates are all developed by weathering. 

Dimensions. — Holotype, B.M., E. 18051: length (L), 86-0 mm.; breadth (B), 84-0 mm.; 
B/L, -94; height (H), 21-4 mm.; H./L, -59. 

B.M., E. 18079: length (L), 31? mm.; breadth (B), 28-2 mm.; B/L, -9; height (PI), 
19-4 mm.; B/L, -62. 

Localities— -South of Bokh Camp and Lurdur, E. Som. Gelidi, between Tosdai and 
Mugeh Tug, E. Som. 

Description of the Species. — Ambital outline ruggedly oval, indented by the anterior 
sulcus to a depth of about 2 mm. in the holotype; slightly contracted towards the posterior 
to an ill-defined posterior face. The anterior sulcus is fairly wide and deep adapically; it 
becomes narrower and deeper at the ambitus and is continuous to the peristome, although 
much reduced in both depth and breadth on the inferior surface. Greatest breadth of the 
test in line with the apical system which in the holotype is probably about -4 of the length 

COTTBATJ, 1887. Pal. Franc., Terr. Tert., i, Echinides Eoc., p. 482, pi. 119. 
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from the anterior vertical plane. Highest point of the test on the subearinate posterior 
interradius, about one-third of the length from the posterior vertical plane in the holotype. 
Ambitus in the holotype, about one-third of the height above the base-plane. The plastron is 
strongly inflated, especially to the posterior, where it culminates in a prominent nodosity. 
Only the plastron rests on the base-plane. The holotype and E. 18054 are not perfectly 
symmetrical, the right anterior interambulacrum projecting slightly forward beyond the 
left. This asymmetry is not striking, but became apparent when one measured the holotype. 

Apical System. — Exposed in E. 18052 in which the genital pores are much enlarged 
and the sutures developed by weathering. Ethmolysian with four large circular gonopores, 
the anterior pair smaller and closer together than the posterior pair. Genital 1 is contiguous 
with 2, and 3 with 4, thus pushing outwards oculars II and IV; genitals 2 and 3 are very 
little in contact and are almost separated by ocular III. Genital 2 is produced to the posterior 
in a madreporite separating oculars I and V. 

Ambulacra. — The adapieal plates in Ainb. Ill are broad and low, becoming higher 
adorally. Although the pores are not distinct in any of the specimens, they are evidently 
situated in depressions in the adoral adradial corners of the plates. Amb. Ill is not com- 
pletely visible in any of the specimens. 

The amb. petals which lie in rounded grooves are of almost uniform breadth, contracting 
slightly at their adoral extremity and tapering rapidly at the apical disc. The anterior 
petals are slightly longer than the posterior pair. 


B.M., E. 18051 
B.M., E. 18079 
B.M., E. 18052 
B.M., E. 18053 

Length of petal. 

No. of pore-pairs. 

Greatest breadth of petal. 

• p.p. 

a.p. 

p.p. 

a.p. 

P*P* 

a.p. 

10 mm. 
12*5 mm. 
12*0 mm. 

13*5 mm. 

15 or 16 
15 

14 or 15 

17 or 18 
17 or 18 

4*0 mm. 

3*5 mm. 

4*5 mm. 

4*5 mm. 

4*0 mm. 

5*0 mm. 


The petals (post, and ant.) are not perfectly symmetrical, but have a very slight sigmoid 
curvature. The pore-fields are wide in comparison with the breadth of the perradial tract. 
The pore-fields of the posterior petals at their mid-lengths are about twice the breadth of 
the perradial tract in the holotype. They are rather more than twice in E. 18053 and less 
than twice in E. 18079. From that point both the pore-fields and the perradial tract contract 
slightly adorally; adapically, the pore-fields contract while the perradial tract becomes 
rather wider. 

The anterior petals of the adult individual are not known, as E. 18079 is the only specimen 
in which an entire anterior petal is visible. This specimen, which is a younger individual, 
is smaller and more rotund in form than the other specimens, and its ambulacra are less sunken 
and its interambulacra less tumid. At the mid-length of its anterior petals the perradial 
tract is about two-thirds of the breadth of a pore-field. From that point the perradial tract and 
the pore-fields contract slightly towards their adoral extremity, and towards the apex of the 
area the pore-fields contract and the perradial tract becomes wider. The anterior petals in 
E. 18052 are incomplete, but they probably differ from those of E. 18079 only in being more 
deeply sunken. In E. 18054 the anterior pore-field of one of the anterior petals is preserved, 
and it appears to be less uniform in breadth than those of E. 18079 and E. 18052. It is 
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very wide at a point about one-third of its length from the adoral extremity and from there 

contracts towards the apex. . 

The pore-pairs of the posterior and anterior petals aie similai, di Ileiing only in those 

of the posterior petals being more closely set together. The pores are large and circular, 
those of a pair separated by a distance slightly greater than their own diameter, Each pair 
of pores is situated in a groove adjacent to the adoral margin of an umb. plate. Adjacent 
to the adapical margins of the plates and separating the grooves containing tire pore-pairs 
are ridges, each bearing a row of irregular, indistinct granules, or they may be composed of 
small nodosities. In some specimens (E. 18051, E. 18053, E. 18079) the ridges which extend 
from the adradial suture towards the perradial die away before reaching the perradial suture, 
and thus is produced a smooth perradial tract. In E. 18052 the ridges, where visible, are 
continuous to the perradial suture, and the perradial tract bears a zig-zag arrangement of 
small nodosities formed by the end of the ridges. It may be that the smooth perradial 
tract is the result of weathering of the surface of the test. The amb. pores near the peristome 
are in deep pits. 

Interambulacra. — The interambulacra on the apical surface are prominent and rounded. 
The plates are slightly curved so that their sutures are slightly depressed, this being most 
marked in the interradial suture. This plate curvature is not so apparent in the young 
individual E. 18079. On the oral surface the holotype exhibits normal heteronomy in inter- 
radius 1 (i.e. fusion of 2a and 3a). Plate 2a just fails to touch plate 1, so that plate 2b has a 
slight contact with amb. 1. In interradius 5 the labrum is succeeded by two large sternals 
which swell up to a nodosity at their posterior end. 

Peristome. — Opening sub-pentagonal to crescent-shaped. The labrum projects over the 
opening and is bounded along its margin by a narrow, raised rim. In E. 18052 the labrum 
is about 1*5 or 2 mm. above the anterior margin of the peristome. In the same specimen, 
which is much worn, the transverse diameter of the peristome is 6 mm. and the sagittal 
diameter 2 mm. In E. 18079 the transverse diameter is 4-5 mm. 

Periproct. — Not complete in any of the specimens. Probably vertically elongate. The 
almost vertical posterior face at the upper end of which it is situated is slightly depressed 
below the periproct. 

Ornament. — The specimens are all much worn, so that the tuberculation is not distinct. 
The primary tubercles are largest on the actinal surface near the peristome, where they are 
situated on small, raised scrobicules (some oblique?) surrounded by a ring of miliaries. 

A peripetalous fasciole and a lateral one is apparent in the holotype and part of the 
peripetalous one in E. 18054. In the holotype the peripetalous fasciole crosses the anterior 
sulcus a short distance above the ambitus, and its course from there to the extremities of the 
petals II and IY has a slight convexity directed adapieally. It forms obtuse angles at the 
ends of petals II and IY and then turns sharply adapieally in interambulacra 1 and 4. It 
continues thus for a short distance only, when it makes re-entering angles and curves to the 
extremities of petals I and Y. It crosses the posterior interradius in an almost straight course 
at a point about 13 mm. from the position of the apical system in the holotype. The lateral 
fasciole leaves the peripetalous one where it turns sharply into interambulacra 1 and 4. 

Affinities . — Although I have assigned this species to the genus Linthia, I only do so pro- 
visionally. Dr F. A. Bather* would doubtless regard it as Hemiaster on account of the 
normal heteronomy of interradius 1 on the oral surface. For this reason, he assigned his 
species sudaiuinsis from Bokoto to Hcinicistef, although in other respects it approached 
* Batheb, 1904. “ Eocene EcMnoids from Sokoto ” Geol Mag., dec. v, i, p. 297. 
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more nearly certain species of Linthia. According to Loven,* Desoria, which is synonymous 
with Linthia, has ancient lieteronomy, and, according to P. M. Duncan, f Linthia has ancient 
heteronomy. Dr Bather, following these authorities, assumed the lieteronomy in Linthia 
to be of ancient type and that, in Hemiaster of normal type. Although I have no definite 
evidence to the contrary, I am yet doubtful as to whether a typical Linthia has really ancient 
heteronomy. It seems probable that a number of species known as Linthia may have 
heteronomy of normal type and such may quite well be the case in the type-species, L. insignis, 
Merian. Dr Bather recommended the examination of the genotype on this point in 1904 
(■ loc . cit.), but so far as I know this has not been done. I also have not so far been able to settle 
the point. 

Professor Gregory has been extremely kind in endeavouring to obtain a specimen of 
L. insignis. At the request of Professor Gregory, Professor Schardt of Zurich, although 
unable to supply L. insignis, kindly sent a specimen of L. subglobosa, Lamarck, which he has, 
since then, kindly presented to the Hunterian Museum. This specimen is not well preserved, 
but one was able to expose a suture-line on the oral surface in interradius 1, the position of 
which leads one to believe that heteronomy of normal type is most probably present. The 
same may be said of the specimen I have referred to on p. 436 as Linthia off. insignis. 

The present species somaliensis agrees with the species sudanensis, Bather, in having 
normal heteronomy in interradius 1, but resembling species of Linthia rather than Hemi- 
aster. It seems to resemble most the species L. cavernosa, De Loriol (syn. L. aschersoni, 
De Loriol) from the Lower Eocene of Egypt, and, through the kindness of the Keeper of the 
Geological Department of the British Museum, Dr P. A. Bather, I have been able to examine 
specimens of these species belonging to the British Museum. Normal heteronomy in inter- 
radius 1 is apparent in the specimen of L. cavernosa, Brit. Mus., E. 11435, and indications 
of it in E. 11436 and E. 11437. Normal heteronomy is also apparent in the specimens 
E. 11442 and E. 11443, labelled L. aschersoni, De Loriol. 

The question of the type of heteronomy in Linthia can only be settled by examination 
of the genotype, but it is suggestive that in the only species of so-called Linthia examined 
on this point there are at least indications that the heteronomy is of normal type. The species 
are sudanensis, cavernosa (syn. aschersoni), somaliensis, subglobosa, and off. insignis. The 
number is small and proves nothing, but until the genotype is examined it is at least less 
confusing to call them Linthia, especially as they have lateral as well as peripetalous fascioles. 

As already stated, L. somaliensis is very similar to L. cavernosa, De Loriol % from the 
Lower Eocene of Egypt, with which, according to R. Fourtau,§ L. aschersoni, De Loriol || 
is synonymous. L. cavernosa is relatively broader than L. somaliensis, and it is usually higher 
although it varies to lower. In the ambulacral petals the pore-pairs are smaller and more 
closely set than in somaliensis, and it has a greater number of pairs for the size of the individual ; 
the perradial tract is equal to, or greater than, the breadth of a pore-field, whereas in 
L. somaliensis the perradial tract is always much narrower than a pore-field. 

Linthia esnehenis, De Loriol, is near to L. cavernosa and differs from L. somaliensis 
in the same respects and also in the pores of Amb. HI being level with the test instead of 
being in depressions in the plates as in somaliensis. 

* LoviiN, 1874, “ Etudes sur les EcMno'idees,” KongL Bvenska, Vet Akad. HandL (n.s.) xi, No. 7, p. 52. 
f Dtooan, 1889. “ Revis. of Gen., etc., of the Eehinoidea,” Journ. Linn. Sac., Zool. , 1891, xxiii, p. 233. 

X De Loriol, 1880. Loc . cit., p. 55, pL viii, figs. 8™ 10. 

§ Fourtau, 1913. Catai. Invert. Foss, de FEgypte, Geol. Surv . Egypt, Palseont. Ser. No. 1, Terr. Tort., pt. i, Echinides 
Eocene, p. Si- 
ll De Loriol, 1881. Loc, cit., p. 37, pL ix, figs. 1-4. <|[ De Loriol, 1881. Loc. cit. , p. 39, pi. ix, figs. 5-6. 
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Linthia sp. aff. insignis, Merian. 


Linthia insignis, Merian, in Desor, 185a. 


“Notice sur les Eclimides,” Acta hoc. sci. not., 38 e session, Porrentruy. 


(Not seen.) 

Desor, 1857, Syn. Echinides Foss., p. 395, pi. xliii, fig. 9. 

j) e Loriol, 1875. “Descr. Eclnnides Foss, de la Suisse, ’ Mem. Soc. Pal. Suisse , vol. ii, pt. iii, 
p. 101 , pi. xv, fig. 1, pi. xvi, figs. 1-2. 

Cotteau, 1886. Pal. Franc., Terr. Tert., Echinides Eoo., i, p. 232, pi. 70. 

Material. — One large specimen, B.M., E. 18055. It is broken on one side, the ambulaeral 
petals are entirely concealed by matrix and the surface of the test is much abraded. A number 
of very small spines are embedded in matrix on the plastron. . 

Dimensions. — Length (L), 88-7 mm.; breadth (B), -74 mm.?; B/L, -88 ; height (EL), ob-o 

mm. ; H/L, -7. 

Locality.— A. little S. of Bokh Camp and Durdur. 

Affinities. — This specimen resembles those large species of Linthia, L. insignis, Merian, 
and L. rousseli, Cotteau, its relatively great height and somewhat conical upper surface 
rendering its resemblance to the former the more striking. As it is not sufficiently well 
preserved to enable one' to describe it fully, it will suffice to note its apparent points of differ- 
ence from those species it resembles. 

It differs from L. insignis from the Eocene of Switzerland and France (M. Eocene: rare) 
in several points. The posterior face in the Somaliland Linthia is almost vertical, whereas 
that of L. insignis is obliquely downwards and inwards; although in connection with this 
point it is of interest to note that De Loriol figured a small specimen of L. insignis ( loc . at., 
pi. xvii, fig. 2) in which the posterior face is almost vertical. The undercut posterior extremity 
of the test of L. insignis tends to render the ambital outline acuminate at the posterior, 
whereas in the Somaliland Linthia, the posterior outline of the test is straight for about 
21-3 cm., the breadth of the vertical truncation. In its great height, -7 of the length, the 
Somaliland Linthia resembles the more tumid specimens of L. insignis described by De Loriol 
(loc. cit.), who recorded variation in the height from -53 to -79 of the length. Specimen 
E. 18055 is broken on one side, but one would estimate its breadth as about -88 of the length. 
It is therefore narrower than L. insignis in which, according to De Loriol, the breadth varies 
from -94 to 1-00 of the length, and in the French specimen figured by Cotteau (loc. cit.) 
the breadth is greater than the length. The apical system of the Somaliland Linthia is 
probably less anterior in position than that of L. insignis, and its peripetalous fasciole is less 
sharply angular at the extremities of the petals and does not run so far adapically in the inter- 
ambulacral areas. Only a small portion of the lateral fasciole is preserved. 

Linthia rousseli, Cotteau,* from the M. Eocene of France, agrees with the Somaliland 
specimen in its almost vertical posterior face, but in L. rousseli the height of the test is less 
(•58 of the length), and the upper surface is not conical but uniformly rounded. Furthermore, 
the inferior surface is flatter than that of the Somaliland specimen and the course of the 
fasciole is different. 

On a previous page (p. 435) there is some discussion regarding the type of heteronomy 
in interradius 1 characteristic of the genus Linthia, and in this connection I desired very much 
to know the type of heteronomy in interradius 1 in the present specimen. Its surface, as 
already stated, is much abraded, the tubercles being worn down almost to a level of the 
coating of the matrix. I considered that further abrasion of interradius 1 at the peristome 

* GoTT3u.tr, 1886. Pal. Franc., Terr. Tert., i, Echinides Eoo., p. 236, pis. 71 and 72. 
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could detract little from the specimen and might be of some use. I therefore took the liberty 
of “weathering” a part of interambulacrum 1 until a suture line became apparent. This 
suture is no doubt part of the median suture, and its position seems to indicate that the 
heteronomy is of normal type. 

Linthia ? n. sp. 

Syn. Hemiaster , sp. indet. Currie, 1925. Monogr . Hunt. Mm. i, 1925, p. 74, pi. ix, figs. 7 ci-b. 

Material. — B.M., E. 18056 and B.M., E. 18077, and probably also B.M., E. 18072 and 
B.M., E. 18078. The specimens are all more or less silicified and iron stained. 

Localities. — Camp at, head of Mali Tug near Ertoleh, E. Som. East side of Bosti. Top 
of the Golis Range, W.S.W. of Upper Sheikh. 

The anteriorly situated apical system (-89 of the length in the specimen E. 579 in the 
Hunterian Museum (loc. cit.)) suggests that this species is more probably Linthia than Hemiaster. 
The markedly anterior apical system, the almost level apical surface of the test and the deep 
and steeply sloping anterior ambulacral petals make the species a well-defined one. 

Genus Schizaster, Agassiz, 1847. 

Schizaster ? sp. aff. concinnus , Peron and Gauthier. 

Schizaster concinnus , Per. and Gautli., 1886. In Cott. Per. and Gauth., Eehinides Foss, de VAlgcrie, Etage Eocene, 
p. 60, pi. iv, figs. 2-3. 

,, „ Cotteau, 1887. Pal. Franc., Terr. Tert., Echinides Eoc., i, p. 357, pi. 107, figs. 7-9. 

Material. — B.M., E. 18070, a flint cast stained with iron. 

Dimensions. — Length (L), 40-5 mm.; breadth (B), 34-8 mm.; B/L, *86 ; height (H), 
25-8 mm.; H/L, -64. 

Locality. — Top of the Golis Range, W.S.W. of Upper Sheikh. 

This specimen shows some resemblance in its general form and the character of its 
ambulacral petals to Schizaster concinnus, P. and G. from the Eocene of Algeria and Prance, 
and it is mainly for this reason that I have assigned it to the genus Schizaster, for its apical 
system is anterior to the centre (-42 of the length from the anterior vertical plane), and the 
specimen could almost equally well be a Linthia. S. concinnus, in which the apical disc 
is central, is also a border-line species, having some of the characters of Schizaster and some 
of those of Linthia, and Peron and Gauthier (loc. cit.) had to consider to which of these 
genera it could be most satisfactorily assigned. Cotteau also discussed the point (loc. cit.). 
The present specimen differs from 8. concinnus, in addition to its more anteriorly situated 
apical disc, in being relatively narrower and in the anterior sulcus being deeper at the ambitus. 

Schizaster ? ef. symmetricus, Duncan and Sladen. 

Schizaster symmetricus, D. and S-, 1884. Foss. EcMnoidea W. Sind, Pal. Indica, ser. xiv, vol. i, 3, 

fasc. iii, p. 220, pi. xxxvii, figs. 15-21. 

Material. — One crushed and broken specimen, B.M., E. 18057. Its length is about 
28 mm. 

Ijocality. — Endasaf Hill (Asseh Hills), E. of Dodab and S. of Raguda, E. Som. 

Affinities.— This specimen is probably a Schizaster, and among species of that genus 
it appears to resemble most S. symmetricus, D. and S., from the Kirthar series of Sind. The 
test has suffered lateral compression, but its form was no doubt very similar to that of the 
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Sind species with its wide anterior sulcus and divergent anterior petals. The similarity m 
the oKL of the ambulacral petals is notable. They are very wide, the pores are sht- 
ke Although now widened by weathering in the present specimen , those of a pan very far 
apart and the perradial tract much narrower than the pore-helds. The condition of the 
soecimen (iocs not allow of more detailed compaiison. 

P ScMmster ieserti, Fouktac ,* from the M. Eocene of Egypt, appear* to he another some- 
what similar species from which the Somaliland specimen differs in the details of the amhulacral 
petals. The pores in the present specimen are more elongated, those ol a pan ale faitliei 
apart and the perradial tract is relatively narrower than m .S'. deserU. 

Schizaster cf. gaudnji, De Loriol. 

Schizaster gaudnji De Loriol, 1880. Monogr. Eeiunides Num. d Egypte, p. 64, pi. ix, fi & . 1. 


Material— Two incomplete and poorly preserved (silicified and iron stained) specimens, 
B.M., E. 18078 and B.M., E. 18074, may be referable to the above species from the Lower 

^^LocalitS ^—. East side of Bosti. Top of the Gobs Range, W.S.W. of Upper Sheikh. 


Schizaster ? sp. aff. tournoueri, Cotteau. 

Schizaster tournoueri, Cotteau, 1887. Pal. Franc., Terr. Tert., Eoliinides Eoo., i, p. 301, pi. 91, figs. l-o. 
Material . — Specimen B.M., E 18050, a flint cast encrusted with beekite and stained with 
iron oxide. In its general form and the appearance of the ambulacral petals it appears to 
be somewhat similar to S. tournoueri, Cotteau, from the M. Eocene of France. 

Dimensions. — Length, 34-3 mm.; breadth, 32-1 mm.; height, 20-4 mm. 

Locality . — Duro Hills near Do dab, E. of El Dur Elan, E. Bom. 

Schizaster ? sp. aff. pyrenaicus, Cotteau. 

Schizaster pyrenaicus. Noticed in J a.ccpiot and M.-Clialiuas, 1886. ic Exist, de 1 Eocene inf. dans la Clialosse, 
etc.,’ 5 Gomjpte rendu des seances de V Acad . des Sciences , p. 1263. 

„ „ Cotteau, 1887. Pal. Franc., Terr. Tert., Echin. Eoc., i, p. 291, pi. 88, figs. 1-5. 

Material . — Specimen B.M., E. 18049, a flint cast encrusted with beekite and stained 
with iron oxide. Its general appearance recalls the species S. pyrenaicus, M.-Clialmas, from 
the Lower Eocene of France. 

Dimensions. — Length, 37-0 mm.; breadth, 31-3 mm.; height, ?. 

Locality . — Duro Hills near Dodab. 


Genus Opissaster, Pomel, 1883. 



Opissaster farquharsoni, n. sp. 

tosis . — An Opissaster with four genital pores and an anteriorly situated apical 
Test cordate in ambital outline with deep anterior indentation. The posterior 
ojxlicpxG sloping upwards an d inwards. Amb. petals narrow, deeply sunken, 
rior pair slightly arced towards one another and the anterior pair slightly flexuous 
divergent. The grooves in which the netals lie with steenlv sloping sides which 
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die away towards the adoral extremities of the petals. The floor of the groove of almost 
uniform breadth and coinciding with the perradial tract, the pore-fields extending along the 
sloping faces of the grooves. The pores in both posterior and anterior petals circular, and 
those of a pair separated by a distance equal to their own diameter. Perradial tract and 
pore-fields approximately of equal breadth. 

Material. — Holotype: Brit. Mus., E. 18048. 

Dimensions . — Length (L), 42-2 mm.; breadth (B), 42-0 mm.; B/L, -99; height (H), 27-5 
mm.; H/L, -65. 

Locality . — Hobal Keren Hill, near El Dur Elan, E. Som. 

Description of Holotype . — Test cordate in ambital contour with length and breadth almost 
equal. Ambitus about one-third of the height above the base-plane. Greatest breadth in 
line with the apical disc, which is situated about -4 of the length from the anterior vertical 
plane. Anterior sulcus broad and deep on the apical surface, becoming narrower but deeper 
where it indents the ambitus to a depth of about 8 mm., continuous to the peristome; but 
greatly reduced in depth and breadth on the inferior surface. Highest point of the test 
on the posterior interradius about -38 of the length from the posterior vertical plane. Observed 
in longitudinal profile the test slopes gently to the anterior until it joins the steeply rounded 
slope of the tumid anterior margin; towards the posterior the profile outline curves gently 
down to meet the line of the slightly oblique posterior face which slopes inwards and upwards. 
The test is broken in this region, only a part of the periproct and the posterior face being 
preserved. On the oral surface the plastron is prominent and rounded and only a small 
part of it rests on the base-plane. The specimen is slightly asymmetrical, the right anterior 
interradius projecting slightly farther forward than the left. 

Apical System. — Ethmolysian with four genital pores. The sutures of the plates are 
not clear. The genital pores are large and circular, the posterior pair slightly larger than 
the anterior pair and set farther apart. 

Ambulacra. — The deep, narrow grooves in which the petals lie decrease in depth adorally 
and die away at the extremities of the petals. The posterior petals are about two-thirds of the 
length of the anterior pair. The pore-fields extend along the sloping sides of the grooves, the 
perradial tract coinciding with the floor of the groove. The posterior petals are very slightly 
curved, the concavity being directed to the antero-posterior axis. The anterior petals have 
a very slight signoid curvature and are much more divergent than the posterior petals. For 
more than two-thirds of their length they have a slight curve with the concavity directed to 
the anterior, at their outer extremity they have a very slight curve in the opposite direction. 
The pores in both anterior and posterior petals are circular, those of a pair separated by a 
distance equal to their own diameter. The pairs are separated by ridges which probably 
bore a line of minute granules. The pore-fields and the perradial tract are about equal in 
breadth at the mid-lengths of the petals. From there, both the pore-fields and the perradial 
tract contract slightly adorally, while adapically the pore-fields contract but the perradial 
tract remains of almost uniform breadth. 

Interambulacra. — The posterior interambulacrum on the superior surface sub-carinate. 
The other interambulacra on the same surface prominent and rounded between the sunken 
amb. petals. The mid-zonal plates each bear a small nodosity situated about one-third of the 
distance between the interradial and the adradial sutures and near the adapical sutures, and 
thus there are two series of these little prominences in each interambulacral area. They are 
largest at the ambitus, becoming less prominent and dying out adapically and adorally. 
Those of the posterior interradius no doubt outlined the posterior face of the test. On the 
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oral surface interradius 5 is prominent and rounded and bears a small nodosity near its 
posterior end. There is evidence of normal heteronomy in interradius 1 on the oral 
surface. 

Peristome. — Transverse diameter 6 mm. The posterior margin is broken away. The 
anterior margin is semicircular and has a slightly raised rim. Distance of anterior margin 
from anterior vertical plane about 10 mm. 

Periproct. — Only the outline of the left half is preserved. Situated at the top of the 
posterior face, it is evidently vertically elongate with length about 5-5 mm. and breadth 
probably about 3 mm. 

Ornament. — On the upper surface the tubercles are largest on the sides of the anterior 
groove. On the oral surface, in the interambulacra near the peristome, they are still larger 
and have a small mamelon on a crenulated boss standing centrally or eccentrically on a 
scrobicule, which is raised aborally but which merges into the level of the test adorally. The 
scrobicules are surrounded by a single ring of miliaries. These tubercles are no doubt those 
described by Pomel as tubercles d -petit socle oblique. 

A peripetalous is present. It crosses the anterior sulcus about the level of the ambitus 
(about 21 mm. from the apical disc measured along the groove). It curves gently round 
the test past the ends of petals II, IV, then turns sharply adapically into interambulacra 
1 and 5 for a short distance only, when it makes re-entering angles and runs in straight 
lines to the ends of petals I and V. It crosses the posterior interradius in an almost straight 
course between the ends of I and V at a point about 14 mm. from the apical disc. 

Affinities. — I have some hesitation in ascribing this species to the genus Opissaster , for 
it appears to have only some of the characters of Opissaster and others more suggestive of 
Hemiaster. Typical Hemiasters have ethmophraet apical systems, but Eocene Hemiasters or 
Traehyasters (see P. M. Duncan * and E. A. Bather f) have ethmolysian apical systems, 
and it is between Trachyaster and Opissaster that the present species appears to fall. Accord- 
ing to J. Lambert. i Opissaster is merely a sub-genus of Trachyaster, but from examination 
of Pomel’s descriptions and figures of Opissaster polygonalis, Pomel, § and Trachyaster 
globulus, Pomel, § the type species of these genera, this does not appear to be so. In Opissaster 
the ambulacral petals are deep and the anterior pair flexuous as in Schizaster, whereas in 
Trachyaster, as in Hemiaster, the ambulacral petals are comparatively shallow and the 
anterior pair almost straight and very divergent. 

One would suppose, therefore, that the nature of the ambulacral petals, being a point 
of importance, would settle the generic position of the present species, but this is not un- 
questionably so. The ambulacral petals in the present specimen are narrow and deeply 
excavate as in Opissaster ; they are, however, only slightly flexuous and are more divergent 
than is common in that genus. Furthermore, the apical disc is situated anteriorly to the 
centre (*4 of the length from the anterior vertical plane), and thus the specimen differs from 
Hemiaster in which it is sub-central and farther from Opissaster in which it is usually to the 
posterior of the centre. The apical system has four gonopores, a usual occurrence in Eocene 
Hemiasters ( Trachyaster ). This is not, however, an argument against Ovissaster in which 
two is the more usual number. 

Most of the tubercles are situated on obliquely raised scrobicules, the tubercles d petit 
socle oblique of Pomel and the presence of such tubercles appears to have been considered 

' ; * r»uNc«r, 1889, Loc. tit., p. 229. f Bather, 1904. Loc. tit., p. 297. 

, ■. $ Lambert, 1915. “Desor. Echinidee terr. n4og. bassin RMne,” feso. iv, Men. So e. Pal. Suisse, vol. xli, p. 155. 

§ Pomu 1887. Loc. at., p. 106, A, pi. ix, figs. 1-5 ; and p. 109, A, pi. ix, figs. 9-13. 
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a possible means of distinguishing “ Schimsteriens” from “ Hemiasteriens” (vide Lambert).* 
This distinction would no doubt hold good in the case of typical Hemicisters which have 
ordinary serobiculate tubercles, but with Eocene Hemicisters ( Trachyaster ) it is not so, for 
according to Pomel’s diagnosis of Trachyaster, the tubercles in that genus are oblique. Accord- 
ing to Lambert,* the tubercles d ‘petit socle oblique are not a reliable distinction, as the 
obliquity of the tubercles is a character capable of gradation. In Trachyaster the tubercles 
with oblique, raised tubercles were probably evolved from the ordinary serobiculate tubercles 
of the typical Ilemiasters along with the evolution from ethmophract to ethmolysian apical 
systems. According to R. Fourtau,! tubercles which are “excentrique — -sur leur socle ” 
are characteristic of Schizaster and Opissaster, and distinguish them from Heniiaster. In 
the present specimen some of the tubercles are situated eccentrically on their obliquely raised 
scrobieules while others appear to be central, but whether this is a point in favour of Opissaster 
is doubtful. 

On the whole it seems best to regard the species as an Opissaster with an anteriorly situated 
apical disc. The species it seems to resemble most is Opissaster lamberti, Fourtau,J from the 
M. Eocene of Egypt, and this species also is evidently not a typical Opissaster. The ambulacra! 
petals II and IV are said to be very divergent and slightly arcuate at their extremities, and 
the species is compared with Trachyaster heberti , Cotteau, and not with any other species 
of Opissaster. The figured specimen of 0. lamberti is crushed, but its ambulacral petals 
appear to be wider and its pore-fields relatively wider than those of 0. farquharsoni. 

* Lambert, 1907. 44 Descr. des Echinides foss. de Barcelone,” pt. 2 Mioc., Mem. Soc. Geol . France , Pal. Id, fasc. 2-3, foot- 

note, p. 100. 

t Fquetau, 1020. “Catal. Invert. Foss, de FEgypte,” Geol. Sum. Egypt, Palseont. Ser. No. 4, Terr. Tert., pt. 2, p. 77. 

X Fouetau, 1912. 44 Notes sur les Echinides Foss, de FEgypte,” iv, Bull. Institut Egypt , ser. 5, t. v, p. 173, pi. iv, fig. 4. 


EXPLANATION OF PLATE. 

1. Acrosalenia (Metacrosalema) qmdrimiliaris, n. sp. 

Fig. Ia. Holotype. Adapical view. X approx. 2 diam. 

Fig. 1b. „ Adoral „ „ „ 

Fig. 1c. „ Bide „ „ „ 

2 and 3. Linthia somaltensis , n. sp. 

Fig. 2a. Holotype. Adapical view. Approx, nat. size. 

Fig. 2b. „ Adoral „ „ „ „ 

Fig, 2c, ,, Bide ,, 

Fig. 3. Para type (B.M., E. 18053). A posterior petal. Enlarged 

4. Opissaster farquharsoni, n. sp. 

Fig. 4a. Holotype. Adapical view. Approx, nat. size. 

Fig. 4b. „ Adoral „ „ „ „ 

Fig. 4c. ,» Side „ „ „ 3 > 

5, Echinolampas cf. amygdala , Desor. 

Fig, 5a. B.M., E. 18058. Adapical view. Approx, nat. size. 
Fig, 5b, . „ ,, . Side 33 „ ,, ,, 

Fig. 6. Linthia sp, all. msignis, Marian, 

B.M., E. 18055. Side view. Approx, nat, size. 







", 


Ethel D. Currie on “ Jurassic and Eocene Echinoidea from. Somaliland, 


• D. M. FiUhiil, University, Glasgow 





443 


—Contributions to the Study of the Old Red Sandstone Flora of Scotland. VI. On 
Zosterophyllum myretonianum, Penh., and Some Other Plant-remains from the 
Carmyllie Beds of the Lower Old Red Sandstone. VII. On a Specimen of Pseudo- 
sporochnus from the Stromness Beds. By W. H. Lang, D.Se., F.R.S., Barker Professor 
of Botany in the University of Manchester. (With Two Plates.) 

(MS. received June 6, 1927. Read June 6, 1927. Issued separately October 13, 1927.) 


VI. On Zosterophyllum myretonianum, Penh., and Some Other Plant-remains 
from the Carmyllie Beds of the Lower Old Red Sandstone. 

Among the commonest and most abundant plant-remains in the Carmyllie and Cairn- 
conon Beds of the Caledonian Lower Old Red Sandstone are branched linear axes about 
2 mm. in width. These often occur in a fragmentary condition, but more connected 
portions demonstrating the morphology of the plant are also found. Though often associated 
with Parka and N ematophyton , the plant known as Zosterophyllum mijretonianim is usually 
readily recognisable by its definite outline and uniform diameter, by its modes of branching, 
and by the remains of structure which it sometimes retains. As will he seen below, the axis 
of this plant was traversed by a single median strand that was composed of traeheides. Zostero- 
phyllum is thus of special interest as the most ancient vascular plant known from British 
rocks. Some other plant-remains that may be confused with it have also been met with, 
though less commonly. These will be briefly considered, not merely for this reason, but on 
account of the very different and peculiar type of structure they exhibit. 


Zosterophyllum myretonianum, Penhallow. 

1831. 44 Narrow leaves of gramineous (looking) vegetables,” Fleming, J., Cheek's Edinburgh Journal , vol. iii, p. 86. 
1841. 54 Impressions of more slender form that resemble the narrow parallel-edged leaves of the sea-grass weed,” 
Miller, Hugh, The Old Red Sandstone, p. 179 (2nd ed.). 

1857. 44 Ribbon-like fronds or branches . . . rose by dozens from a common root, like the fronds of Zostera . . . 
resembled a scourge of cords fastened to a handle,” Miller, Hugh, Testimony of the Rocks, p. 442. 

,, “ Spike with kidney-shaped leaflets,” ibid., p. 445, fig. 122. 

“ Parallel stalks, anastomose with each other by means of cross branches,” ibid., p. 464, fig. 123. 

1877. Psilophyton sp., Peach, C. W., “ Notes on the Fossil Plants found in the Old Red Sandstone of Shetland, 
Orkney, Caithness, Sutherland, and Forfarshire,” Trans , Geol. Soc , Edin vol. iii, p. 151. 

1886. ? included in Psilophyton deehenimms , Goeppertsp., Kidston, R. } Catalogue of Palaeozoic Plants , pp. 232-235. 

1891. 44 Leaves of Parka , b minor Dawson, J. W., and Penhallow, I). P., 44 Parka decipiens , Notes on specimens 

from the Collection of James Reid, Esq., of Allan House, Blairgowrie, Scotland,” Trans. Roy . Soc. Canada, 
vol. ix, section 4, p. 3. 

1892. Zosterophyllum myretonianum, Penhallow, D. P., 44 Additional Notes on Devonian Plants from Scotland,” 

Canad. Rec. Science , vol. v, pp. 1-13, pi. i, fig. 1 ; pi, ii, figs. 1, 2. 

1898. Zosterophyllum myretonianum , Penh,, Retd, J., and Macnair, P., 44 On the Genera Psilophyton, Lycopodites, 
Zosterophyllum and Parka decipiens of the Old Red Sandstone of Scotland,” Trans. GeoL Soc . Edin., 
pp. 368-380, pi. xxi, figs. 1 5. 

1902, Zosterophyllum myretonianum, Penh,, Kidston, R., “ Note on the Fossil Plants of the Old Red Sandstone 
of Scotland”: The Geology of Lower Strathspey (explanation of Sheet 85), Mem , Geol . Survey Scotland, 
p, 83. 

1921. Zosterophyllum myretonianum, Penh., Arrer, E. A. N., Devonian Floras , p. 12, fig. 22. 

TRANS. ROY. SOC. EDIN., VOL. LV, PART 11 (NO. 19). 69 
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n -i , lv _ c-necessive investigators is indicated by the above 
The recognition of this type of plant by s ^ Hugh Miller emphasise tbe narrow 

synonymy. The early references to it by T l sucrffeste d the comparison with Zoster a 

linear incrustations, with definite parallel edg , &g w ho regarded the plant as an 

« was later embodied in the ge— me ; # ^ root> will 

Alga, speaks of these linear branches as ns.: * J ^ ^ had & tnfted growth. Millbe 

be seen later to be generally eonfamed in ‘ the Testimony of the Bocks he included 

nowhere figures the plant as thus L Limiho, both of which can now be identified 

figures of two peculiar specimens giwento ^ by ^ of linear axes , and finds its 

as pans of Zosieorpkyllcm- mlpV itlv met with. Similarly the axis bearing kidney- 

explanation in a type of branching r «d 1 parts of the Zosterophyllum plant, 

shaped leaflets will be ton.dt.W-d * th (to « ipp ^ ^ y ineUlded in the 

The specimens represented m Millbe s n D s. 

synonymy. . , y- a+ -„ r .j. am0 ns the few types in the Arbroath 

While Miller recognised this P lant aithness he d!d not give names to any of the 
flagstones and as one that did not occur i ’ oaU Zosterophyllum myretonianum 

plants. The first identifications of the rema tQ be the plant on which the records 

have only to be noted m passing as erroneous. Arbroath flagstones were based. It is now 
of Psilophyton sp. or Ps%lophyton pn of p s n 0 p] iy ton princeps at this horizon and 
clear that there is no evidence of the oecur * P J gA the plant is not otherwise 

that it is only known in heterogeneous collection of 

^ PSlhV yt ° n 

dechenianus in the British Museum Catalogue 0 ^^^ one plants was sent to Canada by 
About 1890 a collection of I Scottish < Did Red San tot ton* ^ published in 1891, the 
Mr fair, of Blairgowrie. In the paper -by s q{ Qne o{ the forms of p arka decipiens, 

narrow linear axes were regar e as e i g , But in the following year Penhallow, 

which these investigators thought could be recoded. di6 Inguished the plant 

though he still held that other remains were vegetative organs ot Perm, 

with which we are concerned as 1- a, first 

Penhallow not only named the plant and gave a . diagnosis I of it^o ^P ^ additional 

figures of the branched a*es^ His escnp ion an ga m0Bt definite accounts 

substantially aueurate.^ilthough, as 

willbe seelftey require amplification and that 

that both papers, though evidently based on specimens from giAtone of Caithness. 

Zosterophyllum mfretomtmm also occurs m the Middle Old Bed Sandstone 

I know of no specimens that justify this assumption. 

Penhallow’s description t is as follows : 

“ Genus Zosterophyllum, n. gen. 

Aquatic plants with creeping stems, from which arise narrow tobotomous branches an 
narrow linear leaves of the aspect of Zosters,. Frmt, an ovoid or spherical spor » ( 

produced on short pedicels, without subtending bracts, from a single axis, the whole form g 

a loose spike. 

“ Lower Devonian of Myreton, Scotland, Reid. 

* SaWEb’s “ Rootlets with Lateral Tubercles,” cited by Penhaixow, axe now known as Hostimella racemose, 

| Loo. tit., p. 12. 
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“ Z. myretonianum, n. sp. — Stem and branches, 2 mm. in diameter. Leaves, linear 1*5- 
2 mm. wide, often showing an inconspicuous veining. Sporangia, 2*5-4 mm. broad, round, 
or ovoid. Superficial structure, none.” 

In Peniiallow’s account certain axes bearing ovoid or spherical bodies are rightly assigned 
to Zosterophyllum on grounds of their close association, and the question is raised as to whether 
they are the sporangia. In Reid and Macnair’s paper this interpretation is assumed without 
question, and the peculiar form of branching giving the appearance of an anastomosis is also 
referred to the plant. While this latter feature is not shown in the specimen figured by 
Peniiallow, his illustration is an excellent representation of the other types of branching met 
with in the plant and of the general arrangement of the axes. This figure is repeated by 
Reid and Macnair and by Arber, and is thus readily accessible. On the other hand, Pen- 
hallow’s distinction of “leaves” and “stems” arising from a rhizome, and his interpretation, 
as parallel venation, of the linear marks often shown by the remains of incrustations adhering 
to the rock, will be found to be erroneous. The isolated discoid bodies * are not to be included 
with Zosterophyllum. 

There has been no later investigation of Zosterophyllum so far as I am aware. But in 
1922 Arber, when giving a diagnosis and repeating some of Penhallow’s figures, indicated 
by queries how many points he regarded as doubtful, and concluded by remarking that “this 
fossil is at present wholly obscure.” 

Having surveyed the history of investigation of Zosterophyllum myretonianum, an account 
will be given of what has been ascertained by the study of specimens collected at various 
localities in Forfarshire. The most useful and abundant material was obtained from Balgavies 
Quarry near Auldbar Road station, from Clocksbriggs Quarry, and from Balmashanner Quarry, 
just south of Forfar. Specimens collected by Dr Ividston from Balruddery Den and other 
exposures near Dundee, and now placed in the Ividston Collection, have also been examined. 
The results have been supplemented by an inspection of specimens in the Powrie Collection 
in the Royal Scottish Museum, Edinburgh, and in the Mitchell Collection, now preserved in 
the British Museum (Natural History). While confirming the observations made on the 
material available for detailed study, these collections have not revealed any important 
additional facts. The characters of the various types of remains belonging to this plant 
are very uniform from whatever locality in the Carmyllie or Cairnconon Beds they have been 
obtained. 

Since the remains of Zosterophyllum are usually fragmentary, though often associated 
together in quantity, it will be well to start with a specimen that demonstrates the connection 
of various types of the fragmentary remains as parts of one plant and gives some idea of its 
mode of growth. The instructive specimen represented § natural size in fig. 1, came from 
a large block of rock found in Balgavies Quarry. The surface figured shows a tuft of the plant 
with elongated axes radiating out from a confused basal region. These straight axes were 
15 cm. or more in length and were sparingly branched, either dichotomously or laterally 
(c/. figs. 4, 5). The lateral branches often stood out a short distance, almost at right angles, 
before bending upwards to lie almost parallel with the relatively main axis. None of the few 
branchings at first seen in this specimen exhibited the peculiar type, with a backwardly 
directed limb, that is frequently met with in fragmentary specimens (cf. fig. 7). It seemed 
desirable, if possible, to demonstrate this characteristic type of branching in this particular 
pure and relatively complete specimen of Zosterophyllum. On laying bare a further portion 
of the tuft by splitting off a piece of the rock, a clear example was exposed, and is seen on the 

* Loc, city p. 11, pi. ii, fig. 3. 
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rio-ht-hand side of fig. 1 at x. The counterpart of this region is represented of natural size 
in fig. 2 and shows the branching more clearly, though of course reversed. T'om near the 
base of the ascending branch there is another branch, directed obliquely backwards, and this 
appears almost at once to give off another ascending branch, only the base of which is visible. 
While better examples have been found isolated (cf. figs. 7-9), the one m fag. 1 suffices to relate 
tliis type of branching to the complete plant. Since it lay at about the level of the basal 
region of the tuft, it seemed a reasonable supposition that it characterised the lower or rhizo- 
matous portion of the plant; this is supported by the relation of the system of branches m 
other specimens (cf. fig. 8) and by the prevalence of other types of branching m the elongated 
erect axes. But, as shown by fig. 6, a baekwardly directed branch may occur in them also. 
In their distal portions practically all the elongated axes show a further morphological differ- 
entiation, in that they bear stalked reniform appendages radially arranged. These are seen 
in relation to most of the axes in the upper part of fig. 1, and a portion of this region is repre- 
sented of natural size in fig. 8. As exposed on splitting the stone, the appendages exhibit 
various shapes and may even appear as rounded bodies lying alongside the axis. Whatever 
their nature is, and so far proof that they are sporangia has not been obtained, there is no 
question of their belonging to the Zosterophyllum plant, and their demonstration in this 
specimen justifies the identification of such axes with appendages when met with as isolated 


fragments. 

The value of the relatively complete specimen represented in fig. 1 is that it provides 
evidence that various structures, often found in separate fragments, really belong, as might 
be assumed, to the one plant. These parts of the plant of Zosterophyllum, which as will be 
evident from the historical survey have long been known as isolated structures, may now be 
considered in further detail. 

The stems or axes vary in width round about a mean of 2 mm., some being 8 mm. wide, 
while others are only slightly over 1 mm. They often show no indication of structure, existing 
only as flattened black films, which are naturally more or less split when exposed on the 
surface of the stone. When, as is not infrequently the case, the compressed axis had its 
surface thrown into wrinkles or folds, the organic material may remain adherent along irregular 
lines. This gives the appearance of a longitudinal striation that was erroneously interpreted 
by some investigators as indicating parallel venation. More satisfactorily preserved axes, 
especially when on a surface of fine-grained rock, may show a distinct median strand. While 
this was detected in some of the dark incrustations of the specimen represented in fig. 1, it is 
very clearly seen in the branched axes shown in figs. 8 and 9. These afford excellent examples 
of the peculiar type of branching in which while one division of the branch turns upwards 
another turns downwards; the latter may, like a rhizome, give off other ascending branches. 
In 'this specimen, as is best seen in the enlarged photograph (fig. 9), a dark median strand can 
be followed in the relatively main axis and subdividing in relation to the branching. 

Other examples of the type of branching shown by this specimen are afforded, as has 
already been pointed out, by figs. 2, 6, and 7, while lateral branching without a backward 
branch is seen in fig. 4 and dichotomous division in fig. 5. With a little experience these 
appearances of the axes are quite characteristic and enable even fragmentary remains to be 
. identified in most cases. . ; ■ ' ■■ ■ : V ,; h . A 

In all the material so far met with the axes of the plant, which were doubtless cylindrical, 
are compressed into flattened films that represent the remains of the organic material. Some- 
times this has broken down into small angular fragments, but when it has remained continuous, 
portions can be dissolved out from the matrix by hydrofluoric acid as a coherent film, that 
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can then be macerated in nitric acid and potassium chlorate. The organic material may also 
be transferred from the rock to a film of cellulose either directly or after preliminary maceration 
on the stone. While many of the preparations thus made show no indications of true structure 
and merely present an irregular surface due to the indentation of the grains of the matrix, 
a few of them have yielded information as to the histology even of this unpromising 
material. 

Thus the median strand already mentioned as seen with the naked eye in specimens on 
the rock is evident as a dark band in the macerated film, a portion of which is shown in fig. 10 ; 
this came from the same block as fig. 1. A similar dark band is visible, without maceration, 
in the fragment of axis above and to the right in the transfer represented in fig. 15. From 
these and other specimens it was found that the median strand in its flattened condition was 
about mm. wide. It might safely have been assumed that this median strand was the 
vascular system of the cylindrical axis of the plant, though in most cases it has lost all trace 
of structure and lies like a dark stain against the equally structureless yellow film which is 
derived from the cuticle. From some fortunate preparations it has, however, been possible 
to obtain evidence to prove that the strand was composed of tracheides. 

This was the case along portions of the edge of the strand in the specimen represented 
in fig. 10, although most of the strand had lost all trace of structure. In fig. 11, which shows 
a small portion of the edge of the strand highly magnified, a few isolated elements are seen 
that have their walls thickened with annular bands. This specimen had been macerated, 
but in a transfer of the fragments on the surface of a piece of rock similarly thickened tracheides 
were found composing a vascular strand within one of the axes. This strand in the un- 
macerated condition was too opaque to be figured, but an adjacent fragment on the transfer, 
represented in fig. 12, shows portions of a number of the thickened elements. In the examples 
that could be measured these ranged from 15 to 22/* in width. Their ends were not clearly 
seen. The thickening appears to consist of fairly closely-placed rings and has not been seen 
to be connected as a continuous spiral. 

The cortical tissues have not been preserved in any of the specimens that have been 
examined. They are usually replaced by amorphous brown material that clears or disappears 
on maceration. Some preparations suggest a hypodermal layer of elongated thick-walled 
cells, but the presence or distribution of this has not been definitely established. As already 
mentioned, the yellow film, that may be all that remains of the axis after maceration and 
probably represents the cuticle, usually conveys no information as to the cellular structure 
(fig. 10). In a few cases, however, the walls of the epidermal cells have been preserved and 
give the outlines of the cells clearly. A portion of such a specimen is represented in fig. IB 
and shows how the cell-walls, though clearly traceable, are broken into fragments and could 
only have been obtained for examination by the transfer method. The cells differ from one 
another somewhat in size and shape. In this preparation, which there is some reason to 
think came from the lower rhizomatous region of the plant, they are about 100ft long and half 
as broad. 

Stomata were absent from this portion of epidermis and no clear .examples, showing the 
guard cells, have been seen either in the few pieces of epidermis found or in the less altered 
pieces of cuticle. The amount of favourable material thus examined is, however, so small 
that no weight can he attached to this negative result. Indeed an indication of the presence 
of stomata is afforded by a well-preserved film of cuticle that had traces of the epidermis 
beneath. This specimen showed fairly regularly spaced, brown, linear markings on the 
cuticle that were strongly suggestive of ill-preserved stomata as found in fossil cuticles (fig. 22). 
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It may be mentioned that the cuticle as shown by the *° W “ S Str ° ngly 

developed. As seen m optical plant as a whole of the axes with appendages 

The general appearanc P h in fig p. Practically every one of the erect 

appendages in its distal portion. The study of material from this 

S " number of isolated specimens found f "“llT * 
in the morphology of this region of the Zosterophyllum plant. It \ull be sufficient to 
“f e ? ATlc , 8 ;p liq f r ,ted in figs. 14-20 without unduly multiplying examples. 

° mTh 15 show the information that can be obtained by the transfer method. In fig. 14 
™ efifwi h anpendaoes is represented as seen on the stone, enlarged three and a half times. 
The cou^e of the axi? can be traced and the diversity of shape assumed by the appendages 
recognised The details of the same specimen are seen more clearly when it is tiansterre 
and viewed clear of the matrix as in fig. 15, whieh is enlarged four times and is, of course, 
reversed as compared with the specimen on the rock. Some nine appendages are borne on 
this short lengthof axis, which is broken off above. The two lowest exhibit a conical tubular 
form that is not infrequent and will be considered further below. The next is seen from behind 
nZ 15 as it lies against the axis and shows its true shape, a stalk-like region widening into 
lddney-shaped expansion. The next, on the left in fig. 15 shows the same ypons, ttough 
the expanded portion is exceptionally small. The succeeding appendage, on the light m 
fia 15 resembles the lowest two, being seen from the side: on the stone it appeared as a cuive 
structure with an oval widening to the adaxial side, while the transfer showed that the expanded 
portionBas folded round and included some of the matrix. The next appendage u> obscured 
in the dark mass in fig. 15, hut in fig. 14 is seen as a stalked remform body lying over the axis. 
Then follow two imperfect appendages, one to either side, while the ast one above he 
broken-off axis shows the stalk widening into the blade-like expansion. I the position 
and succession of the appendages in this specimen are considered, their radial arrangeme 

WlU a number of other similar axes, derived like that just considered from the same block as 
the plant in fig. 1, have been transferred. One of them, represented enlarged four times m 
fig 16 is of special interest since it shows a vascular strand in the mam axis 'and the departure 
of a trace to one of the appendages, that on the right about half-way up the figure. Another 
trace is seen above and to the left that supplied an appendage higher up that was seen on the 

rock, but not included in the transfer. ^ . 

The specimen from Cloeksbriggs Quarry represented of natural size m fig. 17 bore some 
eight appendages more widely spaced than in the preceding examples. Only the topmost 
of these, above the end of the incomplete axis, shows the widened region from the face view. 
The others are seen from the side in various ways. One, on the right-hand side about one- 
third way up, shows the conical form, in this case represented by a hollow in the stone. The 
appendage almost opposite to this and some of the others have the appearance of curve 
structures bearing an oval body adaxially to its distal region. Practically all the appendages 
in this specimen are seen in profile, and the resulting appearances are discussed below. 

On the other hand, most of the appendages of the specimen represented of natural size 
in fig. 18 and enlarged three times in fig. 19 are seen from either the front or the back. It 
was found at Peterden near Dundee by Mr M'Nicon and given by him to Dr Kidstox. The 
flattened ribbed axis is about 9-5 cm. long and bears some twelve appendages. The lowest 
are rather small and appear conical; they may have been more rudimentary than those m 
the upper two-thirds. These showed very clearly the short, wide stalk bulging outwards 
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somewhat as it passes into the reniform expanded part that is bounded by a. rather distinct 
rim (fig. 19). 

The outline of the appendages when seen from the adaxial or abaxial sides explains the 
form of detached specimens that are to be found among the fragmentary remains of Zostero- 
phyllum. One such is represented in fig. 20 and appears kidney-shaped, the basal concavity 
representing the place of attachment of the stalk. The convex margin is, as usual, distinct, 
appearing like a thickened rim. This specimen had been macerated on the stone and trans- 
ferred to a cellulose film, cleared and mounted in balsam, and could thus be microscopically 
examined. While a certain difference was evident between the rim and the central region, 
neither in this nor in a number of similar preparations could evidence be obtained that the 
difference was due to spores enclosed by the wall of a sporangium. 

The indications afforded by the specimens described and by others that have been examined 
all seem to point to the appendages, even before preservation, having been somewhat flattened 
structures with a stalk-like region widening out into the kidney-shaped region. This true 
form is presented whenever the appendage is seen from the front or behind, whether as an 
isolated structure or as borne on the faces of an axis turned upwards or downwards as it lay 
on the rock. The other and very dissimilar appearances presented by appendages standing 
out from the sides of an axis and seen in profile, though at first sight significant, can all be 
understood as due to such flat appendages having been compressed so that the two halves 
are folded together. If such a specimen is split through in the median plane, it may give 
the appearance of a curved linear structure with an oval body placed adaxially to its distal 
portion. The infolded appendage may also appear like a conical tubular body enclosing 
matrix, or, if the latter is removed, as a conical depression in the stone. This diversity of 
appearance is not only comprehensible, but affords corroborative evidence that we are dealing 
with what were originally relatively flat organs, and not with stalked globular bodies that 
have been flattened in fossilisation. 

The reniform expansion measured about 3-5-4-0 mm. across in a number of the best 
examples seen. 

The conclusion as to the original shape of the appendages to which the various facts seem 
to lead is in line with the description given by Hugh Miller of the specimen discovered by 
Fleming. The reniform appendages were by him interpreted as leaflets, and the suggestion 
was made that the plant might be a fern. On the other hand, Penhallow regarded the 
examples he examined as stalked spherical bodies that had been flattened ; he suggested that 
they were the sporangia and that the whole structure was the fruiting spike of the plant. 

This is the view to which I have found paheobotanists, on being shown the specimens 
figured here, are at once led. Indeed, when the whole organisation of Zosterophyllum is con- 
sidered the most natural interpretation of the appendages would seem to be that they are 
stalked sporangia, which, even in the living state, were rather flat structures presenting a reni- 
form outline when viewed tangentially. I have, however, failed to obtain critical evidence 
to show that the reniform expansions were sporangia. None of the examples removed from 
the rock by transfer methods, whether after preliminary maceration or without this, have 
shown any trace of spores. It is true that none have shown structure as well preserved as 
is occasionally met with in the superficial tissues of the axis, but from the experience afforded 
by other plants it might have been expected that spores would have been recognisable either 
within the sporangia or in their immediate neighbourhood. 

Whatever better preserved specimens may reveal, the only justifiable conclusion on our 
present knowledge is that the reproductive organs of Zosterophyllum are not known with 
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certainty . It would bo an assumption to identify the reniform appendages as sporangia, 

though this may uUimately prove to be their natrne attaching much importance to it, 

Under the circumstances, it seem worth from Bateddery Den that is in the 

to place on record a specimen o pe u j a t era ] appendage lay beside an axis with the 

pruiQ+rm Collection. What appeared to be a lateral appuiuage w.y . , 

U'a. characters of 

:r base.- ^ 

some six linear do , b i, , qerieg W e visible. The appearance is accurately 

represented in' the photograph!' There is, of course, nothing to show that the linear bodies 

"o^tthe remains are usually fragmentary they are abundant and generally distributed 

and the more complete specimens justify a conception of the plant ^ ' 

orowth and attaining a height of at least 15 cm. It consisted of a system of branched axes, 
and there is reason to distinguish a- lower rhizome-like region from which erect axes grew. 
The peculiar type of branching with backwardly or horizontally growing ramifications from 
^ C d a lateral branch sterns to he specially related to the rhizomatons region hough 
not confined to this. The erect axes, which as a rule show sparing lateral or dichotomous 
branching, are, like the rhizome, without appendages in their lower regions hut ^8 ter up 
they hear characteristic, radially arranged, stalked, reniform appendages 
of these strongly suggests that they may be the sporangia, no proof of the presence of spoi , 

has been obtained, Id the nature of the reproductive organs is not ^ 

certainty. The axes of the plant are about 2 mm. wide and had a thick cuticle over the 
epidermis. Stomata have not been clearly demonstrated, though there are indications th 
they were present. Nothing is known as to the structure of the cortex but the presence of 
a central vascular strand about \ mm. wide has been demonstrated and is foun 
of tracheides with close annular thickening. This vascular strand follows the course of the 
branching of the axes and also gives off a more slender trace to each of the appendages. 

The plant is of special interest as the earliest known vascular plant from Bntis roc vs. 
Its remains occur along with those of N ematophyton and Pachytheca, and both Cephalaspis 
and Kampecaris have been seen on the same slabs of rock with its remains. 

The facts summarised above have all been ascertained by the study of the remains a 
occur in the Oarmyllie and Cairnconon Beds of the Caledonian Lower Old Bed Sandstone. 
Little can he said as to the occurrence of plant-remains that agree in detailed features wi i 
this fairly fully-known type from other localities and horizons. 

I have seen a single specimen with the characteristic branching from the Lower Old Be 
Sandstone of England. It was collected on Caldy Island and is in the collection of the Geo- 
logical Survey (No. Pr. 2813). This is probably satisfactory evidence of the occurrence of 
the same plant. Beniform structures that are very similar to those of Zosterophyllum have 
been found in tbe Lower Old Bed Sandstone of Breconshire and are there regarded by Dr 
Heaed * as the sporangia of the plant he distinguishes as Goslingia Breconensis. 

A most striking and close agreement with the peculiar type of branching that is found 
in Zosterophyllum is exhibited by some specimens from the Upper Devonian of Perry, Maine, 

* “On Lower Old Bed Sandstone Plants showing Structure from Brecon (South Wales),” Proc. Geol. Soc., Dec. 1, 1926. 
I am Indebted to Dr Hbabd for information as to his results. 
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that are figured and described by Smith and White * under the name ? 

We may hesitate to regard this as proof of specific identity, but it is clear evidence of the 

pxistence of a plant of similar morphological construction. 

Close comparisons of the morphology of Zosterophyllum with that of other plants on 
which alone conclusions as to its affinity can be drawn, are amposable «ntU 
points as regards the reproductive organs of the plant are cleared up. But the mdic atioi s 
are that Zosterophyllum will find its place among the relatively simple Psilophytales of the 
o-eneral tvpe of the Rhyniaceee. Comparison may especially be made with Hickhngm Edivanhf 
from the Middle Old Red Sandstone of Scotland. The two plants agree m the tu ed growth 
and in the presence of what are presumably or possibly sporangia borne latera y 
stalks upon the upper regions of the erect axes. But there are sufficient differences as regards 
both the branching and the size and shape of the structures that are presumably sporangia 
to keep the two plants genericallv distinct. 

Some other Linear Remains from the Garmyllie Beds. 

The parts described above have been shown to occur in connection in the plant of Zostero- 
yhyllum myretonianum. While there are, of course, numerous linear fragments that do not 
afford characters which are decisive for their reference to this plant they are probably c erne 
from it, and no evidence has been obtained to justify the recognition of more than the one 
specific type. This vascular plant is very widely distributed and abundant throughout the 

It was pointed out in a previous paper * that narrow, branched specimens of Nematophyton 
are sometimes met with, but these can be distinguished by their very different construction 

° f ^^preliminary description has now to be given of some incrustations of narrow, branched 
axes that cannot “be referred to either Zosterophyllum or Nematophyton, though their peculiar 
structural features have more in common with the latter type. Our knowledge of them 
depends as yet on a few specimens and it is not certain that we are dealing wi 1 a omo- 
o-eneous group of remains though this seems probable. A brief account of the mam specimens 
will serve to distinguish them from the finer branches of Zosterophyllum with which they 
mffiht be confused, and will prepare the way for obtaining further knowledge of them. 

° Among the specimens kept by Dr Kidston for future study were two pieces of rock from 
Baffiavies Quarry, the surface of which bore numerous linear dark incrustations. The 
appearance of a portion of one of these specimens is represented of natural size m fig. 23. 
The dark incrustations were about 1 mm. in breadth and some of the pieces were over - cm. 
loim- Most of them were unbranched, but one or two showed indications of branching 
The blackish-brown films were readily detached from the surface of the stone. The natural 
assumption was that they were fragments of linear axes and possibly of Zosterophyllum, bu 
on portions being macerated the surprising fact became evident that the linear films were 
entirely composed of small spores, and that we were dealing with compressed spore-masses 
of exceptional size. A portion of a macerated specimen is magnified twenty times m fig. 24, 
and this shows the texture dependent on the spores, though the magnification is too low to 
show them individually. A portion of the margin of a similar macerated spore-mass is, 

* U.s. Geol Survey , Professional Paper No. 35, p. 64, pi. v, figs. 1, 2. 
t Kidston and Lang, Tram . Boy, Soc. Edin., vol. liii, p. 405, pi. 


Trans. Roy. Soc. Edin., vol. liv, p. 795, pi. ii, fig. 16. 
TRANS. ROY. SOC. EDIN., VOL. LV, PART II (NO. 19). 
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however magnified two hundred times in fig. 25. This shows the individual spores which 
measure’about 85/*. No evidence of their association in tetrads has been obtained. 

Further light was thrown on these spore-masses by some specimens of narrow linear, 
branched axes collected at Balgavies Quarry. In width and mode of branching they appeared 
different from Zosterophyllum, and when transfers were made it was ascertained that the type 
of construction was fundamentally different. The general appearance of these fragmentary 
axes, as transferred to a surface of Canada balsam, is seen in fig. 26 enlarged three times. . The 
structure was only visible at favourably preserved spots, but was there found to consist of 
branched filaments (fig. 27) and not of a true cellular tissue. What was still more instructive 
was that linear masses of spores, similar to those described above, could be seen to be enclosed 
within an investment of this peculiar filamentous construction. The presence of the layer of 
balsam in this preparation was found to render photographic illustration of these details, which 
were clear on microscopic observation, impossible. The fragments that showed these features 
were 1-1-5 mm. broad and presented indications of a rather divergent dichotomous branching. 

Similar fragments were found more abundantly at Cloeksbriggs Quarry and showed the 
same structure on being transferred. A portion of a transfer from this locality , including the 
region of branching of an axis, is enlarged twenty times in fig. 28. A more complete specimen 
showing the branch-system on the rock enlarged three times is represented in fig. 29. The 
narrow axis is rather laxly divided several times in a dichotomous manner that approaches 
a svmpodium. A separate fragment, to the right above, shows an appearance that has been 
several times observed, of ending in a wider oval expansion. 

The most connected and perfect hand-specimen that is naturally to be placed with this 
group of remains, though its histological structure has not been ascertained, was also found 
in the same quarry-tip at Cloeksbriggs. It is represented of natural size in fig. 30 and enlarged 
five and a half times in fig. 31. There is a short length of axis about | mm. wide, and this 
appears to bifurcate at its upper end, one branch being broken off short. The other repeatedly 
dichotomises to give a small tuft of branches that are under \ mm. in width. The ends of 
some of the ramifications, including some that are sympodially displaced so as to appear 
lateral, appear enlarged. The nature of this enlargement is, however, obscure, partly 
because it is associated with a curvature of the end of the branch. It did not appear desirable 
to risk destroying this unique little specimen on the chance of obtaining evidence as to its 
structure. But the general appearance, size, and mode of division of its branches is such 
that it is reasonable to regard it as of the same nature as the fragments from the same rock 
that have shown the filamentous type of construction. 

Summarising the above facts, it seems to be clear that another type has to be added to 
the limited flora of the Carmyllie Beds. The remains so far known are dichotomous branch- 
systems of slender axes. The characteristic structure of the peripheral region of the axis con- 
sists of much-branched tubes or filaments. Nothing is clearly ascertained as to the vegetative 
structure of the central region, but this may be occupied by a coherent mass of small spores. 

Until further specimens are obtained and investigated, it is advisable, while clearly dis- 
tinguishing this type, to leave it without name and as incertce sedis. Its recognition is an 
indication that there are possibilities of adding to the flora of this horizon of the Lower Old 
Red Sandstone. The structural evidence is against any association of it with Zosterophyllum. 
The structure differs in details from that known in the larger axes of Nematophyton, though 
it has much more in common with this. It is to be borne in mind that the ultimate rami- 
fications of Nematophyton are not known, nor do we know anything of the reproductive organs 
of the plant. 
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VII. On a Specimen of Pseudosporochnus from the Stromness Beds. 

The remarkable specimen of which an account is given here is now preserved in the 
Stromness Museum. Though it was only presented to the Museum last year, it was found 
a number of years ago by Mr Robertson, when a quarry near his farm of Lyking was being 
worked. My attention was directed by Mr David Laing to a note in the Orcadian of 28th 
January 1926 regarding it, and I examined it when at Stromness during the summer. I am 
indebted to Mr Marwick for permission to remove the specimen to the adjoining photographic 
studio, and to Mr Hourston for taking the photograph reproduced in fig. 32. This represents 
the specimen about one-third natural size, as it is exposed on the surface of a thick slab of 
flagstone. The horizon of the quarry in which it was found is that of the Stromness Beds 
or Achanarras zone of the Middle Old Red Sandstone. 

As the figure shows, the specimen consists of a main axis tapering gradually from a wider 
rounded lower end and dividing into four equal and diverging branches. Its total length is 
34-5 cm., the unbranched portion from the base to the region of branching being about 25 
or 26 cm. The maximum width near the base is 4 cm., and on passing up the axis narrows 
to a width of 2*5 cm. just below the region of branching. Above this, across the connected 
bases of the branches, the width becomes greater, about 3 cm. The branches are all similar 
and are about 1 cm. wide. The free portions of the branches, none of which in the length 
preserved shows subdivision, are about 5 cm. long. 

The specimen has a rounded lower end which cannot, however, be assumed to be the 
true surface boundary at this region, though this is possible. There are no indications of any 
rooting or attaching organs. Nor are there any appendages throughout the length of the 
main axis or its branches which might be interpreted as leaves. We have to deal with a cast 
or incrustation of a very peculiarly branched axis, the specimen being evidently incomplete 
above and almost certainly so below. 

There are remains of a continuous layer of carbonaceous material that has been almost 
completely worn off from most of the surface and partially so throughout. Where best 
preserved, as in the region of divergence of the branches, only an indistinct ribbing is visible. 
On the other hand, a parallel ribbing is evident on the branches, the ridges being about 1 mm. 
apart. The ribbing is indeed traceable over the whole specimen and becomes particularly 
clearly marked near the base. At places the ribs give the impression as if they were due to 
more deeply entering lines from a continuous outer coaly layer. 

The above description with the accompanying figure gives the features of this specimen 
which could be ascertained from an examination of it with the aid of a lens in the Museum. 
It is doubtful whether much additional information could have been obtained by more detailed 
examination. 

The characters noted — the gradual diminution in thickness from the base upwards of a 
main axis, the division, practically at the same level into a few diverging main branches, 
the absence of any definite appendages, and the ribbing of the surface — taken together have 
not been met with in any specimen hitherto described from the Old Red Sandstone of Scotland- 
The special interest of the specimen lies in its unmistakably close agreement with a type of 
plant of which numerous and more complete examples have been described from the Middle 
Devonian of Bohemia and which is known as Pseudosporochnus Krejdii. 

Originally distinguished by KrejM, this fossil was described by Stub as an alga, but the 
fullest description, based on abundant specimens, a number of which are figured, is that given 
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by Potonie and Bernard* While many of their specimens agree in size with that under 
consideration here, they prodnce evidence showing that examples of much greater s.ze are 
2 7*1 Points of detailed agreement are the enlarged basal region and the divergence of 
a'small number of branches in an almost palmate fashion from the summit of the gradually 
LTowin» main axis. To this may be added the indication of longitudinal nbbmg, which, 
however, “ potoniA regarded as “Inomoid” in nature, though he also compared it with the 

Stria Some n o? tteTecimens figured by Potonie and Bernard bore narrow appendages from 
or near the basal region, and these investigators compared them with ‘roots. There is no 
trace of them in the Scottish specimen and they are completely wanting m some of those from 

Bohemia. Nothing is known in detail regarding them. 

Potonie and Bernard further demonstrated, from fortunate, more complete specimens, 
that the few main branches became more and more subdivided. They regarded the branching 
as essentially dichotomous throughout, but with a sympodial development causing the finer 
branch-systems to appear laterally placed. They showed that the palmate division at the 
summit of the main axis is based on dichotomous branching. The repeated subdivision 
differs from the relation of leaves to a stem, and there appears to be no approach to this gra e 
of organisation in the plant. Certain of the ultimate subdivisions widened slightly at their 
tips, these swellings have been interpreted as sporangia, but there is as yet no sufficient 

There can be no question of the reference of the Orkney specimen to Pseuiosf oroAnm, 
and it can be placed in the one species P. KrejUi. This adds another to the types of Middle 
Devonian plants that are common to the Scottish and Central European Middle evoman 

floras. 
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EXPLANATION OF PLATES. 

(All the figures are from untouched photographs.) 

Plate I. 

Z osier ophyllum myretonianum . 

Fig. 1, Tuft of the plant spread out on the surface of the stone, showing the elongated branches springing 
from a confused basal region. At x an example of the type of branching with a backwardly directed branch. 
Appendages are borne on tbe distal regions of almost all the erect axes. X f. (No. 55c.) . 

Fig. 2. Counterpart of a portion of the preceding specimen, showing the peculiar branching more clearly. Na . 

size. (No. 55c, bis.) . 

Fig. 5, Upper portion of the specimen in fig. 1, to show the axes with appendages more clearly. Nat. size. 

(No. 55c.) n ‘NT t 

Fig. 4. Lateral branch standing out from relatively main axis before turning up ; no recurved branch. JNa . 

size. (No, 1186.) 

Fig. 5. Lateral branch and dichotomy from upper region of an erect axis. Nat. size. (No. 118 d.) 
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Fig. 6. An sample oi lateral branching with . backwardl;- Ml branch, iron, the upper region o. an erect 
*” Fi ft Two eflplfoi’ the branching with backward!;- directed branches, giving the appearance of ana.to- 

*— b ““ l “ * - 
*• to- <*. «— »• «»— mo,e ° ie " iy - 

* %if 10 “portion of a 6a.te.ed axis dissolved ont bom the block shown in 6*. 1. »»d macerated. It shows the 

film derived from the ootid, and the dark linear vascular strand. X 20 No «» eeimen. 

Fig. 11. Traeheides with annular thickening from the edge of the vascular strand of the prccei e 1 

X 400. (No. 640.) , x. j f rnm .-, transfer showing traeheides with annular 

Fig. 12. Fragment of a vascular strand, not macerated, xiom a tian&ie: , . •<= 

thickening. X 200. (No. 671.) ., i from the outside. X 100. 

Fig. 13. Portion of the surface, showing the epidermal cells preserved and seen irom 

(N °' Fhr 14 Axis bearing appendages from the same block as fig. 1, photographed on the rock. X 3. 

& 2 The & preceding specimen, transferred « surface - ■ tSSX 
of the appendages. Full description in the text. Abo\ e and to the le • 1 

with a displaced vascular strand. X 4. (No. 574.) . .. . vnscnhi traces given oli from the 

Fig. 16. Another transfer of an axis with appendages, showing the slender vascular traces 

vascular strand of the main axis. X 4. (No. 712.) 


Plate II. 

Figs. 17-22. Zosterophyllum myretonianum. 

Ficr 17. Axis with appendages mostly seen in profile, from Clocksbriggs Quarry. Nat size. (No. bL) 

Z \ 8 , uis W ith appendages mostly seen in face view, from Peterden. Nat. size. (Kidston Coll., No. 1 J J.) 

19 A portion of the preceding specimen, enlarged to show the reniform appendages more dearly. ^ o. 
Fig'. 2o! Isolated reniform appendage macerated on the rock and transferred to a cellulose film. 

place of union of the stalk and the thickened marginal run. X ^ ^ a ^ ou y e ser i es 0 f erect linear-oval 

Fig. 21. Portion of axis with a peculiar lateral structure, showing m 

? 2 3 M.S 7 t»nsi.™d cS. of MbMto to~* to. a,»» g c„c,t cud nppcacuuc, 

of which are suggestive of ill-preserved stomata. X 50. (No. 6 o 6 .) 

Figs. 23-31. Linear Axes and Spore-masses. 

v -n 1 inear snore-masses on surface of rock from Balgavies Quarry. Nat. size. (Kidston Coll., No. 7192.) 

Z 2*: rZ»TonZT\inea, spore- masses from the precede specimen, macerated and mounted m 

“i 25. Ed/oJ'a mLtated spore-mass, fit. that in tie preceding figure, showing the spores. X 200 . 

(N °iig 3 26. Transfer of slender, diehotomously branched riZsneJas 

tation near the lower edge was a linear spore-mass enclosed by a filamentous tu*i 1 

iucnstationSp^x ^ b , he p „ viou , figure to show the branched filamentous tissue. 

X 1 Fig. Kamo., branched axe. from Clocksbriggs as seen in a transfer. X 20. (No. 706.) 

k ' 90 T> r o Tieh-svstcni of narrow axes from Clockshriggs. X 3. ( o. . •) ^ rii A «Va 

Fig. fo. Branch-system of narrow dichotomous axes, with indications of wider terminal structures, from Clock. - 

briggs. Nat. size. (No. 51.) ^ r . 

Fig. 31. The preceding specimen enlarged. X 5*. (No. ol.) 

Fig. 32. Pmudosporochnus KrejHi. 

Fig. 32. Specimen of' Pseudo sporochnus from the Stromness Beds, Orkney. X J. (Stromness Museum.) 
TRANS. ROY. SCO, ED IN., VOL. LV, PARI II (NO, 19). 
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I. Introduction-Physical Features. 


Harris is supposed to derive its name from the Gaelic “ na hardibh,” a designation sigm 

1 . *1 * 1 1 . i. j .1 wiAirnlomnnC rv-D,Y*t«S OT ! 


Harris is suppuswu tu ucuvc uwmv . ^ 

ing “the heights.” * The term is appropriate in that the most mountainous paits ot the 


Long Island life within its boundaries. „ , T n 1vr :, 

South Harris forms a natural geographical division for it is divided, horn * . " . 

by a narrow neck of land at Tarbert separating the eastern from the western seas. lh b 
isthmus is less than half a mile across. In addition to South Harris proper, this memoir dea^s 
also with the Isle of Scalpay and neighbouring islets off the north-east coast, the Me cr - < 
say on the north-west, and several islands off the south-west coast m the bound of Ham,., 
of which the principal ones are Ensay, Killegray, Groay, Lmgay, and Gilsay. 

South L L somewhat rectangular in shape and has a south-westward treid rom 
Tarbert to the south of Harris. It is bounded on the north-east by the deep indentations 
of East and West Loch Tarbert, on the south-east by the Mmeh, on the south-west by the 
shallow Bound of Harris, and on the north-west by the Atlantic Measured along the mam 
trend it is 1 2 miles in length, with a breadth varying from 6 to 9* miles, ihe broadest part 
are at the south-west end and near the north-east end. At the extreme north-east end it 

becomes constricted to the isthmus at Tarbert. _ . .. . , -i 

The Isle of Scalpay lies at the north-east entrance of East Loch Tarbert and is separa 
from the north-east coast of South Harris by a channel nearly 2-| miles broad It wan 
undulating rocky island with a very irregular coast-line, and has a maximum length • . T 
2 3 miles with an extreme breadth of If miles. A number of smaller islets lie on its inner 
side in East Loch Tarbert. It is separated from North Harris by the narrow bound oi bcai- 
pay. Scalpay and the neighbouring islets obviously form a continuation of the north-eastern 
corner of South Harris. The highest elevation on the islet is Ben Scoravaiek (341 tee.). 

* The New Statistical Account of Scotland » 1845, vol. xlv, p. 155. 
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, . ,1 a 0 nt,h Harris by a shallow sound 

Taransay,. on the north-west coas , lS ^ e P^ dg from nortll _east to south-west and is a 
only a mile wide at its narrowest pa . ■ j rom £1 miles to less than | mile, 

little over 4 miles m length, with a rea 1 w , isthmus. The larger north-eastern 

It consists 0! two unequal parts separated by Jj Raa h (875 feet). The 

portion is otaaote rised by amounting to 824 

south-western part, known as Airdvamsn, is iovei, 

feet, and it is mostly covered by grass and peat. W.-S.B. They lie at distances 

sm rr ^ lit: xu * — ^ * - 

the south-east entrance of the Sound of Har -“f „ u Qn the nort h-west and south- 

The high ground potion to the north-west at the base of the 

west ers and ^roughy . -I ^ ^ side the ground east of the mountainous 

south-east to Toe Head on the north-west. It reaches a herght of 687 fee . nth-west of 
lju Ro ,jji a t Strondeval, and as followed north-westward sinks to 888 feet at Ben u 
A Wburl is inters cted by the Obbe (an inlet of the sea), to the north-west of which 
h rUL alArd an t-Sroith to 200 feet, and again farther north-west at B.deinan i to 
868 feet, whence it descends almost to sea-level at the neck joining tie mam P ar ° , 

the Mgh peninsula terminating in Toe Head. This peninsu a is 
which shows twin heights of 1201 feet and 1092 feet respectively, with relat ^3 
nu all sides but especially on the south-west. North-west of Glen Rodil, Ronevai to 
a somewhat’isolated ridge, attaining an eleyationof 506 feet with a proton to th * ^south- 
east (Beinn na h-Aire) and another to the north-north- west, including Bosival (over 100 feet) 

and Mas Garbh (925 feet). .. , » u x jj • r , nr p a a0s 

East-north-east of Roneval lies Sletteval (500 feet). The mam limb of the L — 
in elevation and breadth as traced from south-west to north-eas . It include ^ follomn 
hills and mountains: Greaval (922 feet) and Maodal (820 feet), lying paraUel to the 
ridge bordering the Sound of Harris just where it declines to the isthmus 
Harris with the Toe Head promontory, Bleaval (1305 feet), with the suhsi l y g 
of Mula (847 feet) to the south, and Bolaval (868 feet) to the west; Bulaval ( * b 

Helsival More (1237 feet), and Helsival Beg (812 feet), An Coileach (1265 fe )» 
Mhicearraig (1111 feet); West Stocklett (over 600 feet) and East Stocklett (620 feet), the 
head of the “L” being formed by the heights of Ben Luskentyre, including from sonth-eas 
to north-west IJaval More (1166 feet), Ceann Reamhar (1529 feet), Mullach Buidhe ( 

1250 feet), and Beinn Dhubh (1654 feet). A Strip of low ground varying m breadth inter- 
venes between these heights and the north-west coast-line. This strip is covered by a smn 

of drift and sand, and usually forms good agricultural land. _ , 

An interesting feature in connection with the rocks composing them is the dinere 
type of surface which they present. The low ridge parallel to the Sound of Harris is or e 
greater part of its extent comparatively smooth and covered by grass and heath. Chaipava , 
' Maodal, and Bleaval, with its subsidiary heights, have smoothly rounded outlines 
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with a covering of peaty soil with grass and heath; the Roneval ridge is grey in colour and 
is to a large extent capped by blocks of the weathered rock; while the hills from Bulaval 
to Ben Luskentyre have rather rounded tops showing considerable areas of bare rock and 
some accumulations of boulders, while at other places they are grassy. 

The hilly ridge forming the backbone of South Harris is traversed by a number of well- 
marked valleys, most of which have a persistent N.W.-S.E. trend. Between the Strondeval- 
Chaipaval ridge bordering the Sound of Harris and the mass of Roneval at one end and 
Greaval and Maoclal at. the other, a distinctive feature is formed by the narrow depression 
forming Glen Rodil, Glen Strondeval, and Glen Coishletter, and probably continued in the 
sandy beach which runs out to sea between the Toe Head promontory and Maodal. The 
well-marked valley in which Loch Langavat lies can be followed from Lingara Bay on the 
south-east coast to Borvemore on the north-west coast. This depression appears to be 
continued in the low sandy isthmus which separates the Isle of Taransay into two unequal 
parts. The heights of Bulaval, Heilisval, An Coileach, and Maoladh Mhicearraig are separated 
bjr comparatively high passes having a similar trend, and the last-named hill has a lower 
pass known as Bealach Teoravat intervening between it and the Stocklett hills. These 
hills in turn have a valley lying between them and the Luskentyre ridge, occupied in its 
western part by the River Laxdale, and farther east by a chain of small lochs, the chief of 
which is Loch Bearasta Mor. The main road from Tarbert to Rodil follows this depression 
where it traverses the hilly ridge from east to w r est. The neck of Tarbert, with the depres- 
sions formed by the East and West Loch Tarbert on either side, represents a valley having 
the same general trend. Many of these north-west and south-east valleys and passes coincide 
with lines of crushing. The Loch Langavat depression is carved out of a group of schistose 
and granulitic rocks which show crushing at places. The depression farther south along 
Glen Rodil, Glen Strondeval, the Obbe, and Glen Coishletter lies along the strike of relatively 
soft gneisses and schists partly of sedimentary origin. 

One well-marked valley runs approximately at right angles to those already mentioned, 
namely, Voumasdale, occupied by a stream (Abhuinn an Uisge) draining Loch Langavat 
and running into Loch na Maracha, which in turn drains by a small stream into Loch Steisevat 
and thence by the Obbe into the Sound of Harris. 

There are no large streams in South Harris owing to the absence of adequate gathering 
grounds. Numerous rivulets run south-eastwards from the hilly ground into the Minch 
and show the same trend as the valleys and passes between the individual heights and ridges. 
These are obviously consequent streams. The River Laxdale, flowing between the Ben 
Luskentyre heights and the Stocklett hills, runs north- west-wards into the Sound of Taransay, 
and appears to be an obsequent stream. A few smaller streams of a similar nature drain 
the north-western slopes of the hills into the western sea. The Horsaclett river draining 
the south-western slopes of Bleaval and its subsidiary heights is a consequent stream running 
south-eastwards into Loch na Moracha, where it has been deflected by the stream occupying 
the valley already mentioned as draining into the Sound of Harris. The stream flowing in 
Glen Rodil has its source on the southern slopes of Roneval, but it appears likely that at one 
time the Horsaclett river ran along Glen Strondeval into Glen Rodil. A few streams drain 
the north-eastern slope of the Roneval ridge and ioin the consequent streams flowing into 
the Minch. 

The largest loch in South Harris is Loch Langavat lying in one of the main north-west 
south-east valleys. It is 2|- miles long and has a breadth of somewhat under half a mile near 
the middle, but tapers rapidly at both ends. Its surface lies at an elevation of only about 
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100 feet above sea-level. Beyond, botli ends smaller lochans are found at slightly higher 
elevations. It is curious that this loch is not now drained by a stream flowing from its south- 
eastern end into Strath Leetein, and thence to the Minch as one would expect, but by a stream 
flowing from the south-western side along Voumasdale. The next in importance are Loch 
na Moracha and Loch Steisevat. The former is 1 mile long trending from N.N.W. to S.S.E., 
with a breadth of 100—200 yards, except at its southern end, where it widens from W.N.W. 
to E.S.E. to a little under half a mile. Loch Steisevat trends from AV.N.W . to E.S.E. and has 
a length of nearly 2 miles, with a breadth varying from £ mile to less than 200 yards. The 
Obhe has a similar trend and a length of f mile, and though now entered by the sea, it obviously 
represents a drowned freshwater loch. Numerous small lochs are interspersed on the bare 
and rocky ground between the hills on the north-western side of South Harris and the Minch. 
These are mostly rock basins occupying hollows in the gneiss, but some of them are partly 
held up by drift and peat. Loch Stoeklett, off Bagh Stocklett, near the head of West Loch 
Tarbert, is held up by a stormbeach. None of the lochs of South Harris has been sounded. 

The south-east coast-line of South Harris, including the Isle of Scalpay, is very irregular, 
being deeply indented by sea-lochs. The shores are rocky and show considerable variations 
in height. The indentations of the sea have the same N.E.— S.W. trend as the valleys already 
described. Their course appears to have been determined by erosion along the strike of the 
gneiss by joints, and possibly to some extent along the minor N.W-S.E. line of shearing. 
They are exposed to the south and do not afford good shelter for shipping. The coast-line 
facing the Sound of Harris and trending N.W-S.E. is fairly straight, the only interruptions 
of any note occurring at the Obbe and at the narrow isthmus composed of sand and drift 
which almost insulates the Toe Head promontory. A number of small islets border the 
shore-line between South Harris and the isles of Ensay and Killegray. The north-west coast 
is not as indented as the south-east coast. It consists of rocky headlands v T ith intervening 
stretches of sand, the most extensive of which are Traigh an Taoibh Thuath on the inner 
side of the Toe Head promontory and Traigh Luskentyre at the mouth of the Paver Laxdale. 
Some areas of blown sand are found on this coast-line. As usual in the Outer Hebrides deep 
water occurs close to the south-east coast, while the sea is shallower on the north-west coast 
and in the Sound of Taransay. The deepest indentations are formed by East and West 
Loch Tarbert, which almost insulate South Harris. The western loch lies between high 
mountains that descend by steep declivities to the sea. The slopes of East Loch Tarbert 
are not as steep, though fairly high cliffs are shown at places. The Sound of Harris is so 
shallow as to be dangerous for navigation. 

While the greater part of South Harris is rocky and bare there are considerable areas 
of peat in favourable situations, such as in the Loch Langavat valley, in Voumasdale, around 
Lochs an Moracha and Steisevat. Considerable tracts of peat also occur on the Isle of Scalpay. 
In some places bordering the southern and western shores the declivities are covered by drift 
deposits yielding tolerable pasture, and on the north-west coast there are some tracts of 
machairland. Bodil valley, with its greenish pastures and some trees, presents a pleasant 
contrast to the more desolate scenery of the greater part of South Harris. The climate is 
moist and the prevalent winds blow from the south and west. Spells of dry weather are 
not infrequent in the late spring and early summer, and although wet weather is to be expected 
for the greater part of the year, rain is more persistent in September, October, and November. 

As usual there are no indications of recent raised beaches. The sea-lochs indenting 
the eastern coast-line owe their origin in part at any rate to submergence. The Obbe on 
frhe south-west coast affords an excellent example of a recently drowned freshwater lake. 
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Peat is seen to pass below high-water mark in some of the inlets. A good example is dis- 
played at Charnish on the north-east coast of Killegray Island. It is obvious that the Sound 
of Harris and the deep indentations formed by West and East Loch Tarbert represent old 
consequent valleys which are now covered by the waters of the sea. 

II. Previous Literature. 

Macculloch * described Harris as being “a country of gneiss.” He drew attention to 
some peculiar types occurring in this area, and added that “something is still left undis- 
covered, amidst its almost inaccessible deserts, to reward the toils of future geologists.” He 
noted that in Boneval the gneiss loses to some extent the laminar character, “becoming 
thus scarcely distinguishable from granite.” “Hornblende is here abundant, and in the 
same specimens are numerous large garnets often possessing an imperfect degree of trans- 
parency. In some instances the garnet is not separately crystallised, but so equally diffused 
through the rock as to give the whole a dark crimson blush. Among the veins of granite 
are found beautiful examples of the graphic variety, of which the felspar is white, translucent, 
and nacreous, acquiring after exposure an argentine brilliancy.” 

He identified a ridge of limestone in the Bodil valley and stated that “it lies among 
the gneiss and is often accompanied by a sort of micaceous schist, the position being irregular, 
but generally vertical.” He compared this limestone to that found in Tiree, and noted that 
it contains serpentine, grey and watery sahlite, and some dark green coccolite, with some 
mica and hornblende. He recorded the presence of a band of serpentine on the Isle of Seal- 
pay, traversing the promontory at the eastern end on which the lighthouse stands. The ser- 
pentine is said to show considerable variety, some of it having a schistose aspect and fissile 
structure, while some is more massive, and talc slate is found occasionally on the boundary 
between the gneiss and the serpentine. Granite veins were observed to traverse the ser- 
pentine as well as the gneiss. In the Isle of Taransay he found conspicuous granite veins 
remarkable for the magnitude and beauty of the crystals of mica which they contain. He 
observed that trap veins were rather scarce in South Harris, but he noted several in the Isle 
of Sealpay. 

Heddle t referred to an interesting rock in the southern part of South Harris which 
he termed an eelogite. It extends as a ridge from Ben Chaipaval on the west to Roneval 
on the east, having a length of about 8 miles and a breadth of about 2 miles. It is described 
by him as an almost non-laminated massive rock consisting “in greatest part of garnet, in 
less of smaragdite, and in still less of kyanite.” He stated that “on rounding to the north- 
ward the eastern extremity of this ridge, the hornblendic rock is again met with, its layers 
laced and bound together by huge granitic dykes. This extends to the northward as a gently 
undulating country for a distance of some 7 miles, with a breadth of about 4. In 
no other part of Scotland is such an expanse of utterly barren waste to be met with.” He 
drew attention to a remarkable ridge of serpentine traceable almost across South Harris from 
south-east to north-west on the north-eastern side of Loch Langavat and beyond both 
extremities of that loch. This ridge forms a number of eminences above the gneiss, the most 
prominent of which is Scara Ruadh. With regard to this ridge he observed that “while at 
the more easterly, the loftier end of the red ridge, the whole rock is a massive perfectly- 
formed serpentine, as we approach the west, foliaceous flakes of enstatite, or some one of the 

* A Description of the Western Isles of Scotland, 1819, vol. i, pp. 163-170. 

f Trans . Roy. Soc. Edin., vol. xxviii, pt. ii, 1877-78, pp. 546-549, 
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Gerais which cluster round augite, become visible. Farther west st.ll, where the ndge 
be“ns to diminish in height, the hornblendic type of mineral appears as a matted asbest.form 
actvnolite ; while at its termination, in the comparatively low Dun oi Borve, true unaltered 
hornblende of the smaragdite type is alone seen-mixed, however, with a concretmg felspar. 

He was much impressed by the intensely glaciated appearance of this ndge which shows 
“terrific gougings 80 and 40 feet in length, and large enough to hold a limb, if “°t a b » d y. 
trenches in whkh a herring boat might lie concealed; and rounded haunches, after the small- 

tude of the hindquarters of an elephant.” , 

In another place Heddle * recorded the presence of sahlite of a grey colour and waxy 

lustre in the limestone at Rodil. He surmised that the long stretch of Loch Langavat may 
represent a second, but here washed out limestone bed, but adds that there is no direct 
evidence of this. Another interesting feature detected by him was the occurrence of a frag- 
mented and reagglutinated rock of singularly jasperine appearance on the north side of the road 
which passes Loch Bearasta Mor in the Luskentyre valley. He accounted for it by the crushing 
and recementing of the adjacent rock. The occurrence of a granitic rock m the north-western 
part of South Harris is referred to as follows: “A rock which doubtless will come to be of 
economic interest occurs at the western foot of Aird Nishibost. This is a syemtic black 
mica-granite — apparently a huge vein. It has every property of a first-class building-stone. 

James Geikie f showed that the Outer Hebrides were traversed by ice that streamed 
out from Skye and the mainland. “ The mer de glace was sufficiently deep to fill up the Minch 
(50 to 100 fathoms in depth) and to drown all but the tops of the highest mountains in its 
passage outwards to the Atlantic. . . . The islands everywhere bear traces of severe glacia- 
tion, the only points which have escaped being those that exceed a height of 1500-1600 
feet. The more or less isolated mountains are merely huge roches moutonnies. In a map 
he showed that the ice traversed Harris in a direction from south-east to north-west. He 
pointed out that the unfossiliferous till is composed of local material with few, if any, erratics 
derived from Skye and the mainland. Owing to the depth of the Minch close to the east 
coast, the lower strata of the mer de glace would not pass over Harris, hut would be deflected 
to the right and left, and only the upper portion would overflow the land. As an indication 
of subsidence he states that “in Harris, where alluvial deposits have been undermined and 
cut hack by the sea, ‘a rich loam or black moss’ is discovered.” J 

In Sir Archibald Geikie’s geological map of Scotland the whole of South Harris is 
depicted in one colour as being made up of Lewisian gneiss with a blue band representing 
the limestone at Rodil. 


III. General Account oe the Rock Formations. 

South Harris and the neighbouring islets appear to be made up of rocks belonging to 
the Archaean Complex. The only exceptions are dykes belonging to a later age and some 
glacial and recent deposits (PI. V). 

The Archaean Complex consists of various types of orthogneisses, and in this area there 
are also present well-marked hands of paragneisses. The orthogneisses of the islets in the 
Sound of Harris present a close resemblance to the rocks of Pabbay, Berneray, and the 
northern part of North Uist, and consist for the most part of acid biotite-gneisses with bands of 
dark hornblende-gneiss and abundant pegmatites. The prevalent strike is N.W.-S.E. with 

* A Vertebrate Fauna of the Outer Hebrides, by J. A. Harvie-Browx and T. E. Buckley, with notes by Prof. Heddle, 1888, 

, pp. 232-235. . ; ■■ 

t The. Great lee Age, 3rd ed., 1894, pp. 82, 150-159. 


t Ibid., p. 293. 
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-* a dip to the north-east, hut in £ 

Hound the foliation planes become nearly vertical. A e am, alo 0 

South Harris, north-east of Knsbay, there is a considerable .**^^*£^ 
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Apart from the rocks above mentioned the types of 0 neisses 10 

consideration differ markedly from those occurring m the 13 a fl eie noted one 

marked bands of paragneisses associated with various types of or 1™^ South 
bordering the Sound of Harris from Rodil to Toe Head, and the othei extending, across Sou 
Harris from the neighbourhood of Finsbay along the Loch Langavat epiession ° 1 

coast between Bay Steingie and Borve, and continued probably into the .sou h em pa t o^ the 
Island of Taransay. The paragneisses include crystalline limes. ^ones qua ‘ 
zose rocks graphite schists, garnetiferous quartz-schists, garnetifeious silhmamte 0 ncis. es, 
and garnetiferous kyanite-gneisses. With these are associated hornhlende-schxsts 
and hornblende-pyroxene rocks which are probably oi igneous origin. foliation planes 

all these rocks have been subjected to intense and sharp Elding, an . c Thi 

ire usually vertical or highly inclined with a well-marked strike horn b.L. N.W. -L^ 
foldin'" has resulted in the repetition of bands and lenticles of the crystalline limestones and 
— d rSL The rockskf the band along the Loch Langavat Z ££ 
north-west coast of Harris, have the same strike but show gentle. ' d 'P a Jut^st S 
the direction of dip changing as traced northwards from north-east to south-west. The 
presence of certain fine-grained hornblende-schists is a noteworthy feature m this band. 
Between the two hands above mentioned lies a belt traversing South Harns rom coas^ ^o 
coast, which appears to be made up in large part of an igneous complex ^heann ^ 
relationship to the rocks of the bands on either side Towards the sou ^ , "ki 

and Beinn na li-Aire, the intrusive rock is a beautiful anorthosite-gneiss > ■* 

of labradorite felspar, but along the margins becoming more gneissic in .structure 
the occurrence of garnets and other dark minerals arranged m linear fashion, and to inclusions 
probably derived from the country rock. North-west of Voumasdale the ^ 

often a massive appearance, and may be described as a gabbro-diorite. In the part > of the 
belt between Eoneval and the gabbro-diorite other types make their appearance, such a& 
eolocrite, garnet-amphibolite, acid-gneisses, hornblende-gneisses, and garnetiferous hornblende- 
gneisses. Some of these may belong to the original country rock into which the anorthosite- 
gneiss and gabbro-diorite were intruded, and some of them may be modifications of the 
intrusive rocks themselves. Probably belonging to the same period of intrusion aie cer ,au 
ultra-basic bands found in various parts of the area, which have been foi : the ^ 

verted into serpentines. North of the Loch Langavat band, the greater part of South Hams 
and of Taransay is made up of a granite-gneiss which sends tongues and bands i m o ® °^ ‘ 

gneisses of south-east Harris (Pl. II, fig. 2). This granite-gneiss around the bound of Taransay 
is margined by biotite-gneisses and hornblende-gneisses of varying texture, and at places 
inland similar types are exposed here and there within the granite-gneiss area Associated 
with the granite-gneiss and extending to the regions south and east are abundant pegma ites. 

The relationships of these various bands to each other are not very clear, but it wou 
appear that the paragneisses and the igneous rocks associated with them are the oldest within 
the area, and that the anorthosite-gneiss, gabbro-diorite, and some of. the associated rocks 
of that band are intrusive into them. The ultra-basic bands may belong to the same period 
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of intrusion as the anorthosite-gneiss and gahbro-diorite masses, for at places they are found 
traversed by pegmatites. The granite-gneiss is obviously later than all the other bands 
mentioned, and the pegmatites may be regarded as a late phase of the granite-gneiss intrusion. 
The orthogneisses of the islets in the Sound of Harris and those occurring on the south-east 
coast north of Finsbay are obviously earlier than the granite-gneiss, but their relationship to 
the rocks of the other band is obscure. 

Along the eastern margin of South Harris and the neighbouring islands there is evidence 
of crushing, with the formation of mylonites at places, and rarely the occurrence of flinty 
crush material traversing the rocks in veins. Along this margin a new foliation has sometimes 
been superinduced on the rocks running from south-west to north-east. The crushed zone 
has no clearly marked base as in the islands farther south, and it is obvious that the great 
belt of shearing described in North Uist and elsewhere only touches the south-eastern border 
of South Harris and Scalpay. 

The later dykes include olivine-dolerites, tholeiites, and lamprophyres, and most of them 
are probably of Tertiary age. 

Evidence of glaciation is abundant all over the area, and shows that the region was 
traversed by ice moving from south-east to north-west. 

1. The Arch® an Complex. 

(a) Gneisses of the Islands in the Sound of Harris. 

The shallow Sound of Harris in the immediate neighbourhood of the south-west coast 
of Harris is studded by numerous islands, stacks, reefs, and shoals, which trend from N.W.- 
S.E. in the same direction as the coast. It was found impossible to land on all of these, 
but the largest, namely, Ensay, Killegray, and Gilsay, were visited, and observations on 
the others were made from the boat. On these islands the strike of the gneisses is N.W.- 
S.E. with a gentle dip to the north-east on Ensay and Killegray, but on Gilsay and the 
neighbouring islets the dip of the foliation plane is much steeper and indeed becomes vertical 
in the north-western part of Gilsay. The south-eastern part of Gilsay shows marked evidence 
of crushing and shearing. The rocks there are traversed by veins of flinty crush material 
and are sometimes reduced to green mylonites. The rocky stack Dun-aarin (93 feet high), 
lying to the north of Gilsay, is made up of much disturbed gneiss with overfolding from a 
south-east direction. A great pebble beach traverses the north-western extremity of Gilsay, 
and among the pebbles occur examples of flinty crush material. Gilsay attains an elevation 
of 88 feet, and the north-western part of the island is made up of well-foliated biotite-gneisses 
with some bands of dark hornblende-gneiss. 

The acid biotite-gneiss shows predominant quartz and felspar and is usually medium 
grained, but contains augen up to J inch in length, indicating that the rock has been recon- 
structed from a coarser type of similar composition. The felspathic part is pinkish in hue. 
Under the microscope this rock shows equal proportions of quartz and felspar (orthoclase 
and oligoclase) with subordinate green decomposed biotite associated with epidote. Apatite 
is also present in fairly large crystals. 

Killegray is a flattish island attaining an elevation at one point of 147 feet. Beefs of 
the harder bands run along the island, giving small escarpments and dip slopes. Acid biotite- 
gneiss with bands of darker hornblende-gneiss constitute the rocks. Pegmatites are common, 
especially at the north-west end, and run with the strike and dip of the gneisses. Near the 
. west end on the south-west coast there are some big pegmatites with felspars over a foot 
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in length and 6 to 8 inches in breadth. Some of these pegmatites form a striking feature 
in that they weather white. The acid-gneiss is a streaky quartzo-felspathie rock with biotite, 
and shows a large augen of felspar and drawn-out quartz in hand-specimens. Under the 
microscope abundant quartz is seen with about equal amounts of orthoclase and oligoelase, 
sparing biotite, and a little apatite. The darker bands of hornblendic gneiss contain biotite 
as well as hornblende along with some quartz and a felspar (oligoclase-andesine). Other 
examples of the dark bands are well-foliated hornblende-gneisses, containing, however, a 
little biotite, quartz, andesine, with granular sphene, apatite, and .iron-ores as accessories. 

Ensay is again a low island with an extreme elevation of 162 feet. The prevailing rocks 
resemble those of Killegray. In addition, there occur some more peculiar types. For 
instance, at Manish Point a dark friable schistose band is found resembling some of the 
schistose types described in the northern part of North Uist. The bulk of the rock consists 
of hornblende with abundant though subordinate bronzy biotite and a small proportion of 
plagioclase, and some iron-ores. At the north-west corner of Ensay, south-west of Budha 
nan Sgarblx, the prevalent grey gneiss is interbanded with some fine dark hornblende-schist, 
and also contains nodules, lenticles, and irregular bands of a fine greenish rock. The grey 
gneiss has a mottled appearance and appears to be granulitic. Under the microscope it is 
seen to consist of abundant quartz and oligoclase-andesine with hornblende and biotite. Iron- 
ores and apatite occur sparingly as accessories. The lenticles and nodules of greenish rock 
appear to consist almost entirely of a pale green amphibole, having the form of needles with 
which is associated, however, a small proportion of brown biotite. 

For the most part, the rocks of these islands resemble closely in texture and composition 
the rocks of Pabhay, Berneray, and the northern part of North Uist. With the exception 
perhaps of those described at the north-west corner of Ensay, they differ markedly from the 
types forming the south-western part of South Harris. 

The crushed rock at the south-eastern end of Gilsay and on Dun-aarin appear to belong 
to the sheared belt occurring on the eastern side of the islands of the Outer Hebrides described 
in former memoirs. 

(b) Paragneisses and Associated Bocks bordering the Sound of Harris from Bodil 

to Toe Head. 

The rocks forming this south-western part of South Harris are interesting in that they 
include many types of sedimentary origin (paragneisses), with which are associated, how- 
ever, types of igneous origin (orthogneisses), and some the original nature of which is doubtful. 
These rocks occupy a somewhat narrow belt with the breadth usually of about a mile, which 
lies to the south-west of Beinn na h’Aire, Boneval, Greaval, and Maodal. Within this belt 
lie the well-marked valleys of Bodil, Glen Strondeval, the Obbe, and Loch Steisevat, Glen 
Coishletter, and the depression farther north-west through which the main road runs to the 
west coast. South-west of these valleys is a low but well-marked ridge running parallel with 
the Sound and including Strondeval, Beinn Obbe, Ard an t-Sruith, and Bideinan. The 
north-western extremity is formed by the heights of Ghaipaval and Toe Head (PI. Y). 

Paragneisses. — The rocks of this belt include crystalline limestones, graphite-schists, 
quartzose rocks, quartz-schists, garnetiferous quartz-schists, garnetiferous sillimanite-gneisses, 
and garnetiferous kyanite-gneisses, all of which are probably of sedimentary origin. These 
and the associated orthogneisses have been subjected to intense and sharp folding, and the 
foliation planes are usually vertical or nearly so, with a well-marked strike from south-south- 
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depression of the Obbe; and at the north-west end of this loch a grassy hollow may indicate 

its concealed continnation in that direction. j. on 

In the Isle of Yalley at least two bands of limestone are exposed on the coast, both on 
the sides, and these bands are probably continuous across the 

Set' though concealed nnder grass. They are interhanded with a fine grey ^gWy-o^cra. 
and graphite-hearing rock, and with a reddish highly-garnetiferous root and g my garndi 
ferous gneiss. On the south-east coast these rocks are at places crushed and mashed together 
The bide are vertical and strike north-north-west. They appear again at the soutt-ea 
end of St Clement’s Church ridge and outcrop in several bands along this ridge, lhe > 
exposure is seen at the north-west end of the ridge, where a small quarry has recently been 
opened. At least three bands of limestone outcrop in the St Clement s ridge, alters g 
with other types in more or less vertical strips with a strike a little west of nor . ' 

bands appear to be isoclinally folded. The limestone can he traced m intermittent ash on 
in a north-west direction. A lenticle crops out on the slope of Druim Skeilibreck overlooking 
the grassy ground, lying south-west of the road bounded on both sides by a higiy-garn 
ierous reddish oehreoiiB weathering rock. Several bands of the limestone crop, ou o 
north-east of the road and can be followed in an intermittent fashion to the region b ^ wee 
Loch Ossigary and the road leading to Leverburgh. Between the road and the south-eas 
end of this loch four bands of limestone were noted, separated from each other by grey gneiss 
and the ochreous reddish weathering highly-garnetiferous rock. One of these bands is seen 
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on the south-west margin of the loch, and it is quite possible that still other bands pass under 
the loch. 

Outcrops of the limestone are last seen in Glen Rodil between the road and Toan, but 
it appears likely that limestone is concealed farther to the north-west under the green verdure. 

The next outcrop in a N.N.W. direction appears on the slope between Beinn Obbe and 
Glen Strondeval passing through Loch Oistevat, with a reddish highly-garnetiferous rock 
on either side. This can be followed in an interrupted fashion as already mentioned almost 
to the south-eastern extremity of the Obbe. It is obvious that the limestone appears in 
lenticular outcrops of varying thickness, and that it is interbanded with various types of 
altered sediments, and occasionally with altered igneous rocks. In the Isle of Vallay and at 
the north-eastern corner of St Clement’s ridge it is in contact with a, fine grey ochreous graphite- 
bearing rock. At the small quarry already mentioned it is bordered by a light micaceous 
calc-silicate rock with a quartzose band on either side. Farther to the north-west and in 
some parts of the St Clement’s ridge a constant companion is the reddish highly-garnetiferous 
and ochreous weathering rock. The outcrops of the limestone are usually marked by good 
grass in contrast with the heath which occurs on the associated rocks. 

The typical limestone (PL I, fig. 1), as seen in the St Clement’s Church quarry, is a grey- 
mottled rock weathering with a rough surface and marked by conspicuous white ovoid masses 
of diopside up to 6 inches in greatest diameter. Under the microscope (PI. Ill, fig. 1) it 
shows abundant rounded grains of forsterite partly serpentinised, a feebly pleochroic phlogo- 
pite, clear colourless diopside, and occasionally a little graphite, all these minerals being 
set in a matrix of granular calcite in which also occur occasional rhombs of dolomite. Graphite 
in glistening scales is most abundant near the edge of the limestone, where there also occur 
narrow strips of matted calc-silicates and talc. Thin veins of a greenish-yellow serpentine 
also traverse the rock. The white nodules, which vary in size from a fraction of an inch up 
to 6 inches in diameter, are often surrounded by a thin, dark border of serpentinous material. 
These lumps, which may represent, original nodules in a dolomitic limestone, consist for the 
most part of a white or nearly colourless diopside along with which there may be a small pro- 
portion of forsterite and calcite. The limestone and the enclosed nodules contain scattered 
particles of pyrite. The limestone at Stuaidh shows the same characters and is more graphitic 
and less pure on the edges than in the centre. 

The lenticular nature of the limestone may be due to pressure and movement, the lime- 
stone being more plastic than the siliceous sediments with which it is immediately associated. 
Thus at Stuaidh on the north side of the exposure the limestone contains fragments of the 
adjacent rock (a fine-grained quartzose rock containing biotite), around which it seems to 
have flowed. At some of the smaller outcrops, as for instance that at the piers at Rodil, 
the limestone occurs in thin strips alternating with a grey pyritous rock, and shows abundant 
amber-coloured phlogopite. 

Immediately in contact with the limestone at some of the outcrops, as for instance in 
the small quarry at St Clement’s Church, is a grey granulitic gneiss with abundant graphite, 
colourless diopside, much granular sphene, along with a cloudy acid plagioclase. A coarse 
quartzose band is found on either side of the quarry, and under the microscope this rock is 
seen to be made up of coarse quartz grains with a little microcline and some carbonate in veins. 

A common associate of the limestone, as for instance in Yallay Isle and north-east of 
St Clement’s Church, is a hard fine-grained grey rock weathering with, a marked rusty surface 
(PI. Ill, fig. 2). About half of the rock consists of quartz in rounded and irregular grains, 
some of them compound. These are set in a groundmass which is mostly cloudy, represent- 
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ing probably decomposed felspar, but a few grains of nearly 

probably of secondary origin. *“® 16 disseminated particles of brassy sulphide, to the 
colourless garnet, flakes of graphite, a weathe red rock appears to be due. . Parallel 

oxidation of which the rusty appearance of the ^^edro PP ^ m addi- 

hnes of fracture traverse ** rock, ^heCestote^e Rodil region, at least six small 
tion to its association with outcrops o Rodil-Finsbay road north of St 

lenticular outcrop* of to type of rock “‘^eaat of B.M. (Bench Mark) 174-2. 

Clement’s Church to a point about a quai er occur amongst more 

Some of these lenticles have been quamed.m seard Lf me “ tom a small quarry by the road- 
acid and less grophitie gametiferous gneisse ■ , . j p a f ew cr y S tals of acid plagio- 

j;;-te. Somechatsinnlar types are more - d “"“til seen just north 
A rock weathering m the same . rounded “and irregular quarts grains, 

of the piers of Eodil (11. in. &• > clagtic gra i ns of microcline and plagio- 

sonie compound, making U P ^ ser icitised felspathic material, brown biotite, 

S 6 s^Tli— I"his r„c y k appears originally to have been an impure 

sandstone. . . , . . ... to the SO uth-west of Eodil Hotel, another 

ndneral^pro^babVsilhrnanHe^ Th” rock is so highly gametiferous as to have a reddish hue 

“ “ pe of rock, sohighly gar: Z 

and in the field rs very “o itself is not viable. Bands 

'rf!en bTfoioTOdtom the Eodil region to north-west of the Obbe. It varies considerably 
of it can be fo , pi n h> g Qp UX ch ridge as seen under the microscope 

is seen to be made up almost entirely of equal-sired subangular quarts grams A few - dear 
c " tal3 „f oligoclase also oecur and interstitially there is a very small amount of soneit sed 
felspathic material. Several small grains of hornblende are also seen but the most mpoita 
constituent after the quartz is biotite, which occurs in small light brown flakes. ^ Thi| roc 
might he described as l micaceous quartzite. A somewhat similar rock with parallel biotites 

is associated with and enclosed in the limestone at Stuaidh. 

The rocks above described, namely, the crystalline limestones, quartzose rocks, graphite 
n-amet-quartz schists, both fine and coarse in gram, are all well displayed m tne 
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intergrowth, with quartz; it is cloudy from inclusions and includes microcline and an acid 
plagioclase. Quartz and felspar make up the bulk of the rock. It also contains garnets in 
irregular grains and biotite and hornblende, with apatite and iron-ores as accessories. 

Similar siliceous garnetiferous gneisses are seen on the right bank of Abhuinn Easan 
Chats, and again forming the low ridge just east of the ravine in the Abhuinn Grimsdale. 
Both these localities lie about j mile north of the Post Office at Obbe. 

Near the same locality, but exposed in the small ravine in the Abhuinn Grimsdale near 
a small fault, is a quartzose rock closely resembling those seen near Rodil. It is made up 
almost entirely of quartz in rather large, interlocking grains. Cloudy sericitised and rounded 
areas of felspar occur sparingly. In one specimen garnet occurs chloritised along cracks, 
and also some green decomposed biotite and traces of iron-ore with granules of apatite. The 
rock also contains disseminated granules of pyrite. 

At Obbe (Leverburgh) bands are seen of a very beautiful quartzose rock, showing in 
hand- specimens abundant brown garnet and reddish-brown biotite. These have the usual 
N.W.-S.E. strike and can be traced in a south-easterly direction to Ben Obbe and in a north- 
easterly direction to the Toe Head peninsula. The rock varies considerably in texture, 
being sometimes fine and sometimes very coarse, with garnets reaching a quarter of an inch 
in diameter. An average specimen contains more than two-thirds quartz occurring in large 
irregular grains, and also in fine-grained granulitic areas associated with felspar, with which 
it is often intergrown on a microscopic scale. The felspar includes oligoclase and probably 
albite. Certain lenticular areas are marked by the occurrence of garnet associated with 
clusters of red-brown biotite. Generally associated with the biotite, but occurring also to 
some extent in the quartzo-felspathic parts, are radiating groups of sillimanite (PL III, fig. 4). 
Iron-ores occur very sparingly, and there may also be present minute flakes of graphite. In 
specimens where garnet and biotite are plentiful, sillimanite is correspondingly abundant. 

On the Chaipaval ridge in the Toe Head peninsula the rock is somewhat similar in appear- 
ance in hand-specimens, but rather more gneissic in character. It contains conspicuous 
garnets up to an inch in diameter and short blue blades of kyanite (PI. Ill, fig. 5). The 
garnet and kyanite are not uniformly disseminated through the rock, but tend to occur in 
lenticular patches. The groundmass of the rock, and indeed the bulk of the rock, is a mosaic 
of interlocking irregular quartz grains, with which are associated a quite subordinate amount 
of felspar. The quartz mosaic appears to have been formed by the granulitisation through 
movement of larger areas of quartz, as shown by the drawing out of the quartz grains and 
by the prevalence of strain shadows. The felspar is so strained that its identification is 
difficult, but it appears to include microcline and oligoclase. In this quartzose groundmass 
are numerous large garnets cracked, drawn out, and sometimes showing anomalous double 
refraction. In one of them brown biotite has developed along cracks. Occasionally, too, 
the garnet surrounds quartz and is crowded with minute clear, rod-like bodies. Associated 
with the garnet is abundant red-brown biotite, and throughout the mass, but mainly beside 
the garnet and biotite, are prisms up to one-eighth of an inch in length of blue kyanite. The 
kyanite crystals which sometimes show twinning are broken or bent. In the finest grained 
parts of the groundmass sillimanite occurs. Small grains of deep brown rutile are also present 
and grains which may be corundum. It is clear that after the formation of the garnet and 
kyanite the rock was subjected to pressure but not to extensive shearing. Part of the biotite, 
however, especially that occurring in cracks in the garnet, appears to be later than the crushing. 

Farther north-west on the hillside above Bretasker the typical rock is a siliceous grey 
gneiss of finer grain than that last described, in which garnet is visible in hand-specimen. 
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About half the rock consists of quartz in elongated ragged form and m drawn-out granulitised 
lenticles. Perthitic orthoclase with inclusions occurs in large deformed plates, and an acid 
plagioelase also in smaller plates, and again to a limited extent with the granulitised quartz. 
There is abundant red-brown biotite, a nearly colourless garnet much strained and traversed 
by roughly parallel cracks in which biotite has developed. Bent and broken blades of kyanite 
also occur with a few grains of deep brown rutile and another mineral which may be corundum. 
As in the previous type the rock has been crushed but not sheared since the formation of the 
chief minerals. 

At the Geo Mor, Toe Head, the typical rock is a grey granulitic gneiss showing garnets 
which are larger than the groundmass in which they lie, as seen in hand- specimens. This 
rock contains about equal parts of quartz and plagioelase felspar (andesine). There is abundant 
brown biotite, large clear garnets, cracked and veined with biotite, ilmenite drawn out and 
altering to sphene, and some apatite. 

Among these altered sediments rocks which have probably been arenaceous greatly 
predominate. Some have been very pure sandstone, others have contained varying amounts 
of impurity, mainly felspathic material. The sediments appear to have been derived from 
an area of acid rocks. 

Igneous Bocks associated with the Sediments in the Belt bordering the Sound of Harris. 
Interbanded with the sediments, especially in the south-eastern part of the belt, there occur 
hornblendic or pyroxenic gneisses, often garnetiferous (text-fig. 1). They are well seen in 
association with the sediments at Stuaidh and on the St Clement’s Church ridge and else- 
where, and they also form definite belts north-east and south-west of the sediments. Thus 
in the Bodil district a triangular area of these rocks lies between the altered sediments and 
the rocks to the north-east. They are prominently developed on the Benish Point pro- 
montory and can be followed bordering the coast to the north-west. In the field these rocks 
are crumpled and show light and dark streaks. They are usually garnetiferous, the garnets 
sometimes occurring in clusters or well-defined bands, and at others sporadically scattered 
through the rock. A specimen taken from the St Clement’s Church ridge when seen under 
the microscope shows quartz, andesine, abundant yellow hornblende often enclosing a nearly 
colourless monoclinic pyroxene (PI. Ill, fig. 6). Garnets are abundant and scattered iron- 
ores are present. The rock has a coarsely granulitic texture. At Stuaidh a rock of some- 
what similar texture, but somewhat crushed, contains abundant hornblende with a little 
biotite, colourless enstatite, with numerous linear rod-like inclusions, garnets surrounded by 
a hornblende- quartz mosaic, abundant iron-ores, and large apatites. The rock making up 
Benish Point is dark grey in colour and granulitic. It consists of quartz, andesine, biotite, 
hornblende, a light green pyroxene, apatite, and iron-ores. On the south coast of Vallay 
Isle a crushed grey granulitic gneiss shows yellow-brown hornblende in a groundmass of 
decomposed plagioelase, crushed garnets, and scattered iron-ores. A granulitic gneiss from 
the south shore of Carminish, south of Obbe, contains quartz and andesine partly in plates 
and partly in finely-granulitised areas, and also large plates of green monoclinic pyroxene 
edged with and partly intergrown with hornblende. There is also abundant biotite, while 
iron-ores and apatite occur sparingly. .. - 

A well-foliated rook on the shore of the Bound of Stromay resembles the one last described 
in the amount of quartz and the nature of the felspar, but contains clustered hornblende 
and biotite without pyroxene. 

Between the altered sediments and the anorthosite of Beinn. na h-Aire some of the bands 
are very dark in colour. An example taken from a point 250 yards south of the south-west 
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cairn on Beinn na h-Aire when examined under the microscope is seen to consist largely 
of a green monoclinic pyroxene with a little hornblende, which occurs partly as separate 
crystals and partly in intergrowth with the pyroxene. Associated with the pyroxene crystals 
are rounded fresh garnets, which are generally surrounded by a rim of varying width marked 
by hornblende rods arranged at right angles to the garnets and intergrown with felspar. 
Iron-ores occur in scattered crystals and also in strings forming the boundaries of crystals 
or the quartz hornblende rim surrounding the garnets. 

Another band in the paragneisses seen at the north-west end of Loch Ossigary is a remark- 
ably fresh rock consisting mainly of a pleochroic ferriferous hypersthene, a little monoclinic 
pyroxene, and some green hornblende. A somewhat similar rock occurs at loan at the head 
of the same loch. 

Most of the rocks just described possibly represent metamorphosed lava flows or meta- 
morphosed tuffs. Into these there have been intrusions of basic material now represented 
by lenticles and irregular bands of hornblende-gneisses and schists. 

On the north-east side of the Chaipaval ridge, especially at and near Sgeir Leomadal, 
rocks of a different character to the altered sediments described as occurring on that ridge 
are seen. Unlike the kyanite rocks of the ridge they are more massive and show imperfect 
foliation and are more regularly jointed. Generally they are of darker colour. Under the 
microscope they have the texture of an igneous rock. They contain quartz in irregular 
grains subordinate in amount to a well-twinned plagioclase-felspar (andesine), rather abundant 
pale green monoclinic pyroxene, brown biotite, green hornblende sometimes with a core 
of pyroxene, abundant garnet, with some apatite and disseminated iron-ore. Other examples 
taken from the same neighbourhood show similar characters but vary in detail. It is to be 
noted that these are not like the dark hornblendic gneisses and schists already referred to, 
but have a distinctly igneous texture and structure. They resemble the prevalent rock in 
the neighbourhood of Searastavore, which will be described subsequently. 

It may be mentioned that quite recently a narrow band of ultra-basic rock has been 
exposed immediately south-west of the St Clement’s Church ridge. 

(c) The Anorthosite-gneiss of Beinn na h-Aire and Boneval. 

On the north-east boundary of the paragneisses and associated rocks of the Rodil area 
occurs an interesting mass, which is mainly a labradorite rock or anorthosite-gneiss. It 
forms the greater part of Beinn na h-Aire and Boneval and is wedge-shaped, the base of the 
wedge extending along the south-east coast between Eudha Vallarip and Lingara Bay. The 
mass narrows to the north-west, terminating on the slope near the north-east corner of Loch 
Steisevat. At the base of the wedge bordering the coast-line this rock and its associates are 
markedly crushed (PL Y). 

The mass appears to have- intrusive relationships to the paragneisses and associated 
rocks lying to the south-west. This is inferred on the following grounds : (1) the south-west 
boundary of the mass runs somewhat obliquely to the strike of the Rodil group of rocks; 
(2) different members of the Rodil group are seen in contact with the mass or occur within 
a few yards of it. At Mullaeh an Stuigha the anorthosite mass is in contact with light and 
dark hornblendic and hornblende-pyroxene rocks, which are interbanded with the Rodil 
paragneisses. Again north-west of Mullaeh an Stuigha the mass is seen to lie within a few 
feet of an acid-quartzose-gneiss, being separated from it by one of the later dykes. Still 
farther to the north-west, but south-east of the stream which comes down in the hollow 
between Beinn na h-Aire and Iioneval, the margin is involved with an acid pegmatite, both 
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the anorthosite and the pegmatite showing 


evidence of crushing. North-west of the stream 


just rete ed to the anorthosite terms the steep psaHot the south-west 

fstream' ^ AbSS^ Chais the actual junction is not visible, but acid-gneiss some- 
times garnetiferous crops out occasionally between the anorthosite and the stream. Still 
farther^ the north-west in a little ravine in the Abhuinn Grimsdale the anorthosite appears 
whhin a short distance of a pyritised siliceous schist of a type common m the Bodil group. 
TTpre however, there is evidence of faulting. 

The north-east boundary from the Bodil-Finsbay road runs near the course ot the Abhumi 
Collam and between rt and the Sletteval ridge, which is 

thence it can be followed from the south-east to the north-west wall ot Gome Boneval, and 

from there down the long slope to near Loch Steisevat. 

The rocks along the north-east boundary, dealt with in a later section, consist of coarse 
and fine hornblende-gneisses, granulitic hornblende-hiotite-gneisses, with others more * aci 
in composition. All of these rocks are frequently garnetiferous. Except at Loire Boneval 
however, the actual junction is concealed. At Loire Boneval and again on the south-west 
side the boundaries of the anorthosite mass appear to be vertical. . np , r 

The anorthosite appears to contain inclusions of the adjacent rocks. T 1 

Budha Yallarip to Lingara Bay numerous inclusions of varying sizes occur of a dark .ho 
blendite sometimes garnetiferous, which closely resembles a type of rock well seen 01 
coast north-east of Lingara Bay. Again on Boneval near the top of the cliff of Coire Boneva 
several lenticles 3 feet or more in length are seen enclosed m the anorthosite. The e . 
appear to be a garnet -pyroxene rock, which is identical in structure and composition with 

a component of the gneisses of Beinn Tharsumn. ' , . f1 1; A. 

The anorthosite attracts attention at once in the field by reason of its predomma y g 
or sometimes dark reddish colour, and because it weathers differently from all the o rei roc vs 
with which it is associated. Where not crushed its outcrop is invariably marked by a covering 
of angular fragments often of great size, well seen on the summit of Boneval (El. L hg. 

In the field the rock shows a streaky imperfect foliation, having the usual b.E. N.W. 
trend, hut this appearance of foliation is much emphasised by the occurrence of small lentic es 
and narrow hands of darker minerals which have the same trend (PL I, fig. 3). ihese darker 
lenticles and bands are much commoner along the south and north margins than m the cen re, 
and together they form hut a small part of the mass, which is predominantly white or hgh 

grey in colour. ir 

In hand-specimens the typical rock has a thin white crust and looks like a crystalline 

limestone, hut on a freshly broken surface the felspar making up the bulk of the rock is often 

clear and glassy. . , 

Some typical examples from this rock-mass as seen under the microscope may oe 
described. A specimen from a point about 400 yards west of the top of Boneval is a beautiful 

white, even-grained rock, weathering with an opaque white crust, but on a fresh surface 

showing clear fresh felspar. It consists almost entirely of equi-dimensional grains of labra.- 
dorite-felspar (PL IV, fig. 1). The other constituents, insignificant in amount as compared 
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times reduced to powder. Along w.th the ep.dote are occasional flakes U ne. 1 5 

micaceous mineral. This specimen, taken from near the area 

of disturbance. The lamella are often bent and broken, and around the ed 0 , 

a rim of sranulitised material often occuis. j j n « p n f Raimi 

A sample taken from near the edge of the mass on the steep south-west slope of benm 

summit of Roneval and on its western slope. »» n rn‘iss 

• A specimen from the south-west end of Hacklett, near the western end 0 the mass. 

shows the usual equi-dimensional grains of labradonte making up m ■ ' • • ' L 

in addition grains oi garnet are scattered evenly through the mass and along ruth the garnet 

~ MtS* l h “ as mentioned either hr 

S.E.-N.W. direction or as narrow bands having the same trend. 1 ^ ‘ JT to represent 
are frequently garnetiferous, more often so than the light par s. iey IP 

segregations of the dark miners from ^ north . east side of Beta na h-Aire 

(PI 'iY flc l) is eoame-grained, and consists of hornblende and pyroxene, the pyroxene 
SL burring as a core to the hornblende. Around these groups of 

of granules of garnet, which in turn are surrounded by a border of minute a de„ 

standing roughly at right angles to the boundary and m intimate mtergiowth with 

colourless mineral which appears to be untwinned felspar. example 

The dark bands are often fine-grained and granulitic m fctiuc . 51 " „ rainec [ 

from near the south-west Survey Beacon on Beinn na li-Aire is made 1 c ° c . 
a“e of hornhtnde pyroxene, epidote, and iron-ore. The hornblende often contains 

bleVof felspar, and occasionally the hornblende and felspar form ASrSLel Portsoy 

Anorthosites appear to be rare in Britain, but an example has been noticed neai oy 

by Dr Heddle,* and described recently by Dr Bead. 

(d) The Gabbro-diorite and Associated Bocks of Bleaval, Mula, Greaval, Beinn 
Tharsuinn, M.as Gctvbh , and Slstteval. 

The hilly ground north-west and north-east of Roneval, hut south of the Loch Langavat 
valley is mie up of gneissic rocks, generally dark in colour and often h- 

west of Voumasdale these rocks are on the whole uniform in character, but to the south 
1st tty belie more banded, more varied. Throughout the belt, however they weather 
uniformly showing smooth and rounded hills largely covered by grass and peat. 

North-west of Voumasdale the prevalent rock is dark grey in colour and often massive 
in appearance consisting of quartz to a sparing extent, plagioelase-felspar, hornblende, 
biotite and usually garnet. In the field the rock generally shows a faintly developed nort i- 
north-west foliation and exhibits signs of granulitisation. This is the type-of rock to which 

the name gabbro-diorite is applied. , . , , 

South-east of Voumasdale the gabbro-diorite is much less abundant, being lar^ y 
placed by other types such as eclogite and garnet-amphibolite (Benin lharsumn), acid bands 

* M. P. Him**, Trans. Boy. Sac. Edin., vol. xxviii, 187», p. 252 ; “ Tho' Geology of the Country around Banff, Huntly, 

and Turrit?,” Mem. Qeol. Surv., 1923, p. 97. 

TRANS. ROY. SCO. EDIN., VOL. LV, PART II (NO. 20). 
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(near Coire Roneval), or hornblende-gneisses and garnetiferous hornblende-gneisses (Mas 

Garbh, Bosival, and Sletteval). , ,, , , 

The nature of the junction between the rocks of this part of the be t and the rocks of 

the neighbouring belt is not clearly delayed in the field. Inland no clear junctions were 
observed. On the shore at Bay Steingie on the north-west coast the rock referred to as 
gabbro-diorite is seen within a few feet of fine-grained hornblende-biotite-schists. The 
actual junction has been cut to beach-level by the sea, but it is possible to see that both 10 c vs 
have been subjected to a common movement, fine hornblende-schists with crushed phacoids 
of the gabbro-diorite being partly concealed by beach material. 

A few examples of the gabbro-diorite from the north-west area may be described. The 
rock at Sgier Liath is dark grey, medium grained, massive, and well jointed, showing a am 
foliation in the field, but not in hand-specimen. It contains occasionally short irregular 
veins of hornblende (probably segregations) and occasional strings of garnets (1 1. 1, ng. )• 
Under the microscope it shows quartz in small amount, abundant plagioclase (andesine), 
abundant green hornblende, brown biotite subordinate to hornblende, garnets cracked and 

sometimes veined with biotite, iron-ores, and apatite. _ ... . 

Another example from the same locality but somewhat farther north is similar in hand- 
specimen to that last described, but shows under the microscope more evidence of granuhtisa- 
tion. It consists of scattered groups of hornblende and biotite, the latter m small flakes, 
in a granulitic groundmass of abundant andesine with a little quartz. Small garnets, apatite, 


and occasional granules of sphene are also present. 

A specimen from near the margin at Bay Steingie (PI. IV, fig. 3) is a massive dark grey 
medium-grained rock consisting of quartz in small irregular grains, abundant plagioclase, 
abundant dark green hornblende in irregular sometimes sieve-like plates, irregular flakes, and 
groups of flakes of biotite, iron-ores, and apatite. The hornblende sometimes has a core 
of pyroxene. 

Inland from the coast the rock maintains the characters described above, the rock of 
Druim na Caorach, Bleaval, Mula, Meaval, Bolaval, Scarasta, and Greaval being similar in 
most respects to those already described. A specimen from Bleaval-Mula ridge, how- 
ever, shows well the occurrence of cores of pyroxene in the larger hornblende crystals. A 
specimen from the foot of the south slope of Mula is somewhat more basic. The rock con- 
tains little or no quartz, very abundant plagioclase (andesine or acid labradorite), hornblende 
in isolated crystals, and also forming an edging to a pale monoclinic pyroxene, along with 
which occurs also a strongly pleochroic hypersthene. Iron-ores occur more abundantly than 
usual. 

In Voumasdale the ground is extensively peat-covered and exposures are poor, but along 
the new road on the south-east side of the valley good exposures can be examined. A specimen 
from the roadside just south of Druim na Caorach shows well the effects of granulitisation. 
It consists of quartz in granules, plagioclase, hornblende in sieve plates, biotite, and iron-ores. 

On the same road, but nearer Loch na Moracha, this type of rock is seen to pass into 
one of similar type, but richer in garnet. The garnets may be as much as an inch in diameter 
and so numerous as to give a reddish tinge to the rock. The rock as seen in section appears 
to have been coarser in grain than the average, though now extensively granulitised. The 
quartz and felspar in part are represented by a granular mosaic, in which occur irregular 
flakes of green hornblende and probably also grains of pyroxene. The abundant garnet is 
often surrounded by a rim of peg-like hornblende in felspar. It often contains minute rod- 
iike bodies in two sets at right angles to each other. 
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Bock* resembling the gabbro-diorite described occur also on the !!“ 

Too Head ricU'-e and again on the south-west coast near the bound oi btionic j. -J 
like mli it mi, h thehme character was noted at , Borosdale Point in the 
Similar rocks occur interbanded with other types on Mas Garblr, Board, and .ffle. * ^ 

It may be of interest to note that within the mam area of gabbio-dionte north ^ 
of Voumasdale two occurrences of other rocks were noted On Mt.nl 

the north-west of that hill there is a lenticular area of rather fine-grained hoinblende- 0 neiss 

with north -north-west, foliation. Again on Bleaval on the summit and extending a ong • 

rit „ !h“ “outleast there is a “broad band of fine-grained hornhlende-gnerss or sctast 
xiv-ij-jL iM? x w, A , < hmwn rn ■ CO 0111. XilB 


VI (\ o*P I n tile SOlllfil-Oc.bt LllthLO a uxvci-«. ^ — o 

w, dudes m hm-#-- *-* 


which mcluaes some nne-graniwu , _ , • 

hornblende-schist and its accompanying gametiferous hands resemble m some lespec 

of the rocks of the Loch Langavat valley. n „v These 

South-east of Voumasdale, as already stated, other rocks make then appeal. - 

are frequently so gametiferous that the garnets standing out in clusters on the wtathe , 
surface give a reddish tinge to the rocks and can he seen from a distance 

Thus on Beinn Tharsuinn, especially on the steep south face of the hill u y 
rocks are exposed. An example (PL IV, fig. 4) of these is seen to be made up to the extent 
of two-thircls of its bulk, of garnet intergrown with green hornblende and PJ^e and 
granules of iron-ores. This rock, which may be described as an eclogite, is accompanied ay 
others which may be called garnet amphibolites. 

Dark hornblendie rocks generally gametiferous are seen on the Bosrval n 0 • - H IL 

example in hand-specimen is*dark coloured with red blotches It consists ^ ^ 

hornblende, and pyroxene, the latter occurring in small .so ate, 1 01 7 sta > 6 *“ o ; » 

centres to the hornblende. The felspar, which is clear and fresh, l0 J* V 

and Generally shows twinning, but occurs also in untwmned grams. The garnet m Murom 
r T and faquertly crossed 1„ bands of varying width, within which there is an mt.mate mter- 
gJowth on a small scale of "hornblende and felspar. Within this intergrowth are , strings of 
Granules of iron-ores. These rocks resemble very much m character some of the hands of 
gneisses of igneous origin associated with the paragneisses of the Bouth-western be t a S for 
distance the rock types running from Benish Point north-westwards to Obbe. They may 
represent the country-rock into which some of the other types described have been intruded. 

The more acid bands which occur in association with the types just described may. 
illustrated by an example taken from near the margin of the anorthosite-gneiss about 
yards north-west of Coire Boueva, 1. The rock is of light colour, of medium grain, and un- 
evenly granulitic, uneven grains or groups of grains of relatively large size forming half the 
rock 'while the other half is granulitic on a fine scale. Quartz is the most abundant con 
stitnent. Plagioclase (oligoclase) is next in abundance. Garnet m irregu ar and much 
cracked grains occurs sparingly, while groups of small grains of hornblende and minute flakes 
of biotitf occur still more sparingly. Small crystals of apatite and zircon occur as accessories. 


(e) Paragneisses and Associated Bocks of the Loch Langavat Valley. 

The well-marked valley occupied by Loch Langavat has been cut out of a series of gneisses 
and schists with a marked S.S.E.-N.N/W. strike and a dip sometimes vertical, hut more 

These rocks are of interest because they frequently show banding so definite as to suggest 
that they represent a stratified sequence. They include, also, certain thm bands, such as 
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crystalline, limestones, biotite-schists, gametiferoas biotite-schists, which are probably of 
r J ^ sedimentary origin,, and resemble some of the rocks of the Eodil 

Series (PL V). , 

The best section of these rocks is seen on the north-west 

coast between Bay Steingie and Clett Nisabost. The section, 
about H miles long, is incomplete, but, as it presents a better 
exposure of the rocks than can be found inland, it will be 
described first, beginning at the south-west end. 

At Bay Steingie the rocks under consideration are seen 
close to the gabbro-diorite (already described), but as stated 
the nature of the junction has been obscured by shearing. The 
rock next to the gabbro-diorite is a glistening, fine-grained 
hornblende-schist traversed by narrow quartz veins. It is 
made up of granules of quartz, acid plagioclase, abundant 
hornblende, and contains in addition some granular sphene and 
apatite. Fine hornblende-schists of similar type dipping steeply 
to E.N.E., i.e. away from the junction, and having a breadth 
of outcrop of about 12 yards, follow, after which comes a band 
12-14 feet thick, weathering brown. This is a fine-grained 
quartz-schist, reddish brown from the presence of garnet. It 
consists mainly of quartz, with some oligoclase felspar, garnet, 
biotite, and iron-ores. North-east of the garnetiferous band 
comes a breadth of about 5 yards of finely-banded hornblende- 
biotite-schist, followed by a crystalline limestone 8 feet thick. 
This limestone is grey in colour, well foliated, shows well- 
marked ribs on the weathered surface, contains occasional small 
white lumps of diopside, and encloses at least one narrow 
lenticle of red weathering biotite-schist (PI. II, fig. 1). It is 
crossed near the seaward end of the exposure by a narrow 
vein of crumpled hornblende-biotite rock. The limestone is 
i usually fine grained, but occasionally white and coarse. An 
: average specimen consists of carbonates, mainly ealcite, en- 
\ closing rounded grains and groups of grains of serpentinised 
5 iorsterite. A few small flakes of a faintly pleochroic phlogopite 
1 occur, and also probably a little graphite. 

1 The limestone is succeeded to the north-east by hornblende- 

2 schists like those which occur on the south-west side of it. 
I They are fine grained and glistening on a fresh surface consist- 
|> jug of quartz, acid plagioclase, abundant hornblende, biotite, 

rather abundant granular sphene, with iron-ores and apatite. 

The hornblende-biotite-sehists north-east of the 8-foot lime- 
stone are in turn succeeded by a thin limestone, of which a 
thickness of about a foot is exposed. This is succeeded by 
fine hornblende-schists of the usual type, which extend to near 
a boundary wall on the south side of which are several thin 
bands of limestone, some white, accompanied by thin schistose 
bands. These bands contain a little quartz, plagioclase-felspar, 
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hornblende, reddish-brown biotite, iron-ores, and probably also a very small amount of 
graphite in the form of dust or in veinlets in the other minerals. 

The beds described last are followed at the wall by a hard rib of rock light grey in colour, 
compact, and showing in hand-specimens occasional grains of pyrite. It consists of horn- 
blende and monoclinic pyroxene in about equal proportions, these two constituents making 
up the bulk of the rock. In addition there is a blue polarising ehloritic mineral, sphene in 
isolated granules and interstitial carbonates. 

On the north-east side of this hard rib comes another group of thin impure limestone 
bands accompanied by fine-grained hornblende-biotite-schists. The most prominent of the 
limestone bands is a white, medium-grained rock with green spots. It consists mainly of 
cal cite enclosing irregular masses of serpentinised forsterite. The accompanying schists, 
dark and fine grained, contain quartz in rounded grains, oligoelase-felspar, abundant horn- 
blende, sparing brown biotite, apatite, and iron-ores. These thin limestones and their accom- 
panying schists are crumpled and show wavy outcrops. North-east of them comes a massive 
brownish-grey well-foliated rock, which consists of dark micaceous streaks, alternating with 
thicker and more persistent laminae white or sometimes pinkish in colour. Under the micro- 
scope the rock is seen to have a coarse granulitic structure. The dark laminae consist of 
groups of flakes of brownish-green biotite, with which is usually associated rather abundant 
epidote and occasionally sphene. Occasional small crystals of a blue-green hornblende and 
small crystals of apatite also occur. The lighter parts of the rock consist of quartz and 
plagioclase (andesine). Iron-ores occur sparingly. This massive granulitic rock, cut by 
thin quartz veins, is interfoliated at its southern margin with narrow lenticles of hornblende- 
schist. A rock of similar type, not fully exposed and apparently more interbanded with 
hornblende-schist, extends across the bay to the Standing Stone. A rock which appears 
to be a continuation of the one last described is well exposed on the shore north-west of the 
Standing Stone. It is a massive granulitic rock consisting of quartz, plagioclase-felspar, 
hornblende, biotite, epidote, granular sphene, and a few granules of iron-ores. To the north- 
east this rock disappears beneath the sands of the Traigh Mhor and a wide gap in the section 
occurs. The dip of the beds, already described, at first steep to E.N.E. at the junction with 
the gabbro-diorite, soon becomes vertical and remains so as far as they are exposed. 

North of the Traigh Mhor the next rocks met with are leaden-coloured quartzose-gneisses 
or schists, with occasional thin bands of hornblende-schist. These beds dip steeply to W.S.W. 
The grey quartzose-schists (PI. II, fig. 8) consist of rather abundant quartz in irregular grains 
showing marked strain shadows, about an equal amount of felspar, which includes orthoelase, 
microcline, and acid plagioclase, a few flakes of greenish-brown biotite, with an equal amount 
of epidote. Granules of sphene and small crystals of apatite occur as accessories. The thin 
hornblendic bands which occur occasionally with those last described are fine grained and 
granulitic. Green hornblende is the most important constituent, epidote and biotite occur 
sparingly. Quartz is in the form of irregular strain-shadowed grains. Felspar includes 
orthoelase, microcline, and oligoelase. Granules of sphene and crystals of apatite also occur. 

The rock types described above are well seen on the south side of Sgier nan Bgarbh, south 
of the outcrop of a large peridotite dyke, which forms a prominent feature on the shore at 
this point. North of the peridotite hornblende-schists of a type similar to those already 
described extend to Sta, on both sides of which red garnetiferous biotite-schists with hornblende- 
schists make their appearance. The rocks in the inlet of Sta are almost entirely concealed, 
but include in addition to a dyke a band of crystalline limestone, which, however, is only 
partly exposed. North of Sta another thin limestone occurs accompanied by thin biotite- 
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schists and hornblende-schists. North of these, but still south of the Borve Burn, come 
leaden-grey quartzose-schists, which resemble in hand-specimen and under the microscope 
the rocks which occur just north of the Traigh Mhor (PL IV, fig. 5). They contain, however, 
in addition, thin inconstant bands, which in the field resemble a reddish quartzite. These 
red bands do not differ greatly in composition from the grey rocks among which they occur. 
They contain quartz in irregular strain-shadowed grains, making up half the rock, cloudy 
felspar (orthoclase and plagioclase), occasional clear grains of microeline, a few small flakes 
of green ehloritised biotite, and a few granules of epidote. 

From Borve Lodge to the north-east the chief rock is a giey coarse-grained hornblende- 
biotite-schist. A specimen cut by a group of pegmatites (PI. II, fig. 4) from the shore south 
of the Borve Burn consists of quartz, orthoclase, and oligoclase, rather sparing biotite and 
hornblende, epidote, granular sphene, and apatite. To the north of the Borve Burn this, 
the main rock type along with hornblende-gneisses, has been invaded by a granite-gneiss, 
which from Clett Nisabost to Finsbay forms the north-east boundary of this group. ■ 

Inland to the south-east the bed's just described are not so well exposed as on the coast, 
and the limestones in particular were not observed. The hornblende-schists, hornblende- 
biotite-schists, the grey quartzose-schists, and occasional bands of quartz-biotite-schist are 
exposed on the low pass to Loch Langavat south-east of Borve Lodge. They can be seen 
again near the north-north- west end of Loch Langavat and on the Sletteval ridge. Still 
farther south-east near the south-east end of Loch Langavat, and between the loch and 
Finsbay, brown quartzose-biotite-schists can occasionally be seen along with coarse and fine 
acid and hornblendic gneisses and schists. At this end, however, the outcrop is probably 
narrower than in the north-west, and the rocks appear to have been modified by the granite- 
gneiss. Bands and pillow-shaped masses of the granite-gneiss can be seen among them. 
They are cut by numerous pegmatites, and in addition shot through with veins and strings 
of acid material. 


(f) ZJltra-basio Intrusions (. Peridotites ). 

Ultra-basic intrusions in dyke-like and sill-like forms and in lenticles were noted at 
several places. Usually they have been partly or wholly altered to serpentine and some- 
times on their edges sheared into schists. The chief occurrences are noted on the map (PI. V). 

1. At Eilean Glas, Scalpay, a sill-like mass with a maximum thickness of 20 feet crosses 
the narrow isthmus between the two landing-places near the lighthouse. Like the gneisses 
amongst which it lies it has been somewhat sheared, especially at the edges, and contains 
here and there, particularly near the south-west end, irregular veins of steatite and small 
veins of fibrous chrysotile. A lenticular mass of similar character is seen on the coast south- 
west of the lighthouse. 

2. Another example was noted on the mainland of South Harris near the north-east end 
of Loeh na Uamha. This is a lenticle about 80 yards long, with a maximum breadth of 20 
yards, weathering reddish brown with a rough carious surface, but compact fine grained and 
brownish green on a fresh face. 

3. North-west of the last exposure and about 100 yards west of the footpath from Grose- 
bay to the main Tarbert road and near Loch Tollabreck, two prominent bands of reddish- 
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Valley, parallel to and just north-east of the loch. This mass which 

dyke, can he traced from a few hundred yards south-east ot the hcara huadli to the D 
near Borve Lodge, and from thence to the coast at bgier nan bgarbli. At the bc.ua I uadh 
it is about 40 yards wide and forms a well-marked ridge, which, by reason of its leddisl 
brown coloine is prominent from a distance. Farther to the north-west it is narrower and 
probably branches, two bands being seen on the coast. Throughout its course 1 1 shows well 
the effects of pressure by movement, being pinched out at intervals and generally schistose 

Oil the edges. It shows also very fine glacial grooving and striae. _ 

-Vs all occurrences noted above appear to have been derived from similar rocks, a gene al 
description mav be sufficient. In all of them specimens can generally be found, especially 
in the most massive parts and near the centre, showing that these rocks were originally made 
up mainly of olivine and rhombic and monoehmc pyroxene with iron-ores. I ie> ia\t a s 
contained in most eases a micaceous mineral, now altered to chlorite, sometimes polarism* 

m tl haV e usually been converted into schists. A good example of this 

marginal mediation is seen near the north-west end of Loch Langavat Here the edge 
of the mass is a talcose schist with star-shaped groups of actwolite crystals lying along t , 

plane of sehistosity. 

(g) Granite-yneiss and Associated Iiochs of Bulaval, Heilisval, An Goileach, Ben 
Luskentyre , and North-East Taransay. 

Over the greater part of the north-west portion of South Harris, and constituting about 
a third of the whole area described in this memoir, the ground is occupied to a predounnam 
extent by granite-gneiss. This granite-gneiss is intrusive into acid biotite-gneisses and 
hornblende-gneisses which are seen forming a rim along the coast-line and appear also a 
several places inland (PI. V). The granite-gneiss forms the greater part of all the high ground 
from Bulaval north-east to West Stocklett, the Luskentyre hills, and is well displaced m the 
north-east portion of Taransay. On the north-west and north sides it reaches the coast at 
several places. The boundary between it and the schists on the south-west appears to be 
nearly a straight line running through Taransay, and thence south-south-east Horn Clett 
Nisabost by Sletteval to near Finsbay. Along this south-west margin the acid-gneisses 
bordering the granite-gneiss and the granite-gneiss itself have been extensively granuhtised, 

and the actual margin of the granite-gneiss is not easily determined. 

One of these acid bands seen on the coast at Borve Lodge just north ot where the stream 
enters the sea is a coarse acid-gneiss consisting of quartz, orthoclase, acid plagioclase, biotite 
and hornblende, rather abundant epidote, granular sphene, apatite, and iron-ores, lhe 
presence of hornblende distinguishes this band from the granite-gneiss proper. 

Towards the south-south-east the boundary is more irregular. The south-east margin 
is highly irregular, for while on the high lulls the granite-gneiss is massive and well defined 
when followed to the south-east it becomes more and more involved with the gneisses ot iia: 
area. Tongues and ribs of the granite-gneiss probably penetrate the gneisses ot the eastern 
side to within a short distance of the east coast. On Ben Luskentyre, at the summit ot Benin 
Dhubh, the granite-gneiss weathers into huge tabular blocks owing to prominent jonms, one 
set running from north-east to south-west, and the other from north-west to south-east. 

The typical granite-gneiss is a light grey massive rock, with a streaky inconstant large- 
scale foliation visible in the field but not in hand-specimens. The strike ot tlio foliation is 
south-east north- west. 
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Under the microscope (PL IV, fig. 6) traces of granulitisation are always seen. The rock 
consists of abundant quartz, generally in large ragged patches made up of groups of inter- 
locking grains; felspars including microeline, orthoclase, and a plagioclase (albite-oligoclase). 
The quartz and felspars together make up the bulk of the rock. The next most abundant 
constituents are epidote in broken crystals and aggregated grains and irregular flakes of a 
greenish-brown biotite. Apatite, zircon, occasional grains of sphene, and rarely magnetite 
occur as accessories. Muscovite is present to a sparing extent in some sections and more 
plentiful in others. The rock throughout shows marked signs of pressure. The quartz 
displays wavy extinction, the twin lamellae of the microeline and plagioclase are frequently 
bent and broken, part of the felspars is sericitised and contains granules of epidote, and the 
flakes of mica are bent and torn. 

The typical grey granite-gneiss from the top of Leathad Mor, 400 yards east of Uaval 
More, shows the same mineral assemblage but granulitisation of a more advanced stage. The 
mica and epidote have been drawn out into wisps and strings of granules, which wrap round 
distorted and strain-shadowed grains of quartz and felspar. 

The granite-gneiss just west of the sharp bend in the road south of Tarbert, known locally 
as the Devil’s Elbow, is in a still more crushed condition, and here it is seen enclosing and 
veining a hornblende-gneiss. 

Examples taken from different localities show that the granite-gneiss is everywhere very 
uniform in mineral composition. 

On the island of Taransay granitoid gneiss and pegmatites are conspicuous in the larger 
and north-eastern portion of the island. It is well seen in a massive condition on the summit 
of Ben Baah, and on the slopes of that hill it occurs as broad bands and tongues intrusive 
into acid biotite-gneiss and dark hornblende-gneiss. The usual strike of the acid biotite- 
gneiss and dark hornblende-gneiss is north-west and south-east, but on Olett More the folia- 
tion is considerably disturbed by the granite-gneiss and by abundant pegmatites. The 
gneisses into which the granite-gneiss is intruded are also seen at places around the coast of 
this part of Taransay. These acid-biotite-gneisses and hornblende-gneisses are seen as a rim 
along the north-west coast-line of South Harris, from a little north of Borve Lodge to near 
Tarbert, but at places tongues of the granite-gneiss cut through them to the coast-line. Around 
the promontory of Ard Nisabost the foliation planes have the usual strike north-west to 
south-east, with a vertical dip. The granite-gneiss of the promontory with associated peg- 
matites is obviously intrusive into the gneisses seen around the rim. 

On both sides of Traigh Luskentyre the gneisses forming the rim show the normal strike 
of the foliation planes with a dip to the south-west. These gneisses into which the granitoid 
mass is intruded appear inland in some of the hollows between the high hills, as for instance 
in the depression between Bulaval and Heilisval Beg. They crop out on Ben Luskentyre at 
various places on the lower slopes of Beinn Dhubh, and again between Ben Luskentyre and 
the head of West Loch Tarbert. 

(h) Gneisses of the South-east Coast of Harris and of the Isle of Scaljpay. 

^ Along the south-east coast of Harris, north-east of Einsbay, and including the whole 
of fecalpay there is a belt of varying width where the granite-gneiss becomes interbanded 
with or replaced by other types of gneisses both basic and acid. . Just along the coast-line, 
however, the rocks have been crushed to a varying degree, and there it is not always possible 
to distinguish between the granite-gneiss and other acid-gneisses. On the whole, in the 
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southern part of this belt the granite-gneiss with the associated pegmatites ‘S most in 
Thus on Quidnish, north of Finsbay, on Ard Mamsh, Ard Hot, and Budha " 

gneiss and pegmatites are prominent. Farther north-east, as around ^ 

neighbourhood of Plocrapol, it is much less abundant, but even m boalpaj rt probably 

forming ribs among tlie other gneisses. . i we ii displayed 

The other associated acid-gneisses are generally coarse m a rai c ’ , 

at many places along this belt! as, for example, at Kyles Stoeknush, Loch Beaeravrk, and 
fVncnb Ihere a coarse foliated grev and pink biotite-gneiss is sometimes prominent 
6 tltta I!; wS is easily distinguished in the held from the others os abund- 

antlv in the neighbourhood of Plocrapol, but is found also near the head of Loci btoclamsh, 
on 'tie coast eas! of Ardmeavaig south-east of Tarbert, and also on the south coas to dw 
In hand-specimens it is a coarse-grained, light-coloured rock with prurmnen crystals of Wack 
hornblende. Under the microscope the rock is seen to consort ^ f \ fi ‘ 
out and gran utilised, felspar so crushed and cloudy from decomposition as 
able, hornblende dark green in colour and strongly pleochroic, epidoie, occasional & 

0t 8P ^rb“ndIHLt a h t^^te-gneiBB and the other acid types 

mi pisses These include coarse and fine hornblende-gneisses, hoinblende-biotite ^neisfees, 
hornblende-pyroxene-gneisses, sometimes granulitic, and m addition, but more nue y, t»o us os 

baUC An f examplf o^the^homblende-gneiss interbanded with granite-gneiss on Rudha Cluer 

is d^ l.id“£: coarse grained and shows signs of crushing m!t 

n,P rtiicroscone it is seen to consist of quartz drawn out and granulitised and showing mar* - 

doudy from decomposition, abundant horn- 
blende fresher than the other constituents, epidote in crystals and m veins, and in additi . 

* Thftomblende-bioUte-gneisses may be illustrated by an example from the east side 
of Plocrapol Bay This rock, which is partly crushed, consists of quartz plagioclase-felspa , 

hornblende, biotite subordinate to the hornblende m groups ot 
«m<dl flakes epidote in crystals, and also forming veins, iron-ores, and sphene. 

" Of the' hornblende-pyroxene-gneisses showing granulitic structure good exposures can 
he seen on Ard Cofiam, lidha Cluer. In hand-specimen it does not di&r gn eaBy m appear- 
■ince from the medium-grained hornblende-gneisses, nor does it show m the field mu . 
evidenced ci-uslfingl^hough this is more obvious under the microscopy The rock has a 
typical granular structure, the granules, however, being ot unequal size in 
of the slide. It consists of quartz, andesme, abundant green liomblei c, 
md rhombic pyroxene, the latter markedly pleochroic, garnet, and non-ore,. 

Granuhtifpyroxeie-gneieees of somewhat similar type are, seen also near Plocrapol and 

a8 “ fccSr 'than the types mentioned are narrow bands of friable schistose rock. One 
of these from Rudha Bocaig may be described as a hornblende-biotite-schist. 

(i) Pegmatites. 

Throughout South Harris pegmatites are abundant and widely tUayibuted. They form 
a prominent feature especially along the east coast, as on the promontones ol Budha Clu r 
Ld Quidnish, while inland their she and colour moke them conspicuous objects on the lull- 

sides even from a distance. 
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Though found everywhere they have a marked concentration along certain lines. Their 
lliougn xou y promontories on the east coast has been mentioned already. 

Sr™w b tarn near E-bay by the S.atteva, ridga N.B. oftbe 
LocdT Lanoavat depression to the west coast they are specially large and numerous What 
improbably a continuation of the same belt still farther to the N.N.W. ^ seen on the island 
of Taransay, where numerous pegmatites form a belt crossing tie is an jue »' • • 0 e 

sandy isthmus between Loch na h-Uidhe and Traigh a Star. It is to be noted that 
belt of pegmatites in Harris with its probable continuation m Taransay lies just S.W. of the 
granite-gneiss. Along this belt the pegmatites m irregular dyke-like form stand vertically 


01 ^Farther to the S.W. several large pegmatites form prominent features on the hills. Two 
of these are seen on Sletteval about a mile N. of Lingarabay. Several occur on the south- 
west slope of Beinn na h-Aire. Others are seen on the south-west coast opposite the islan 
of Stromay. Another is seen on the steep face of Beinn Tharsmnn overlooking Loch na 
Moracha. Two large and several smaller ones form marked features on the south-east slope 
of Chaipaval. These large pegmatites, occurring sporadically S.W. of the mam belt, fre- 
quently have a marked dip to N.W., which in conjunction with the form of the ground gives 
them a curving outcrop. They behave as sills cutting sharply across the foliation of the gneiss. 
This is well seen on Beinn Tharsuinn and again at the S.W. end of the pegmatites on Chaipava . 
Many of these pegmatites as in the main belt and at Chaipaval are upwards of 20 feet m 


The majority are light reddish or nearly white in colour, of coarse and uneven gram, 
crystals of felspar 4-6 inches in length being common. They are predominantly quartzo- 
felspathic, dark minerals of any kind forming a small proportion of their bulk, lelspar is 
generally more abundant than quartz. They usually show a graphic mtergrowth of quartz 
and felspar, and nearly all show more or less signs of crushing. 

As these large pegmatites are all very much alike they may be described together. Ihe 
felspar is usually microcline, sometimes orthoclase, enclosing in perthitic fashion a plagio- 
clase near albite. The perthitic structure is often visible in hand-specimen, but also occurs 
on a microscopic scale. The only other common constituent is a dark mica in rather small 
and irregular plates, and another constituent, though less common than the mica, is magnetite 
in irregular masses an inch or more in length. Where, as along the east coast, the pegmatites 
have been subjected to more than the usual amount of crushing, granules and sporadic crystals 
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i + qeveril localities as on the south side of the isthmus at Tarbert and again on the 

S3 

gSitoS quartz. 1 crushed orthoclase, and add plagioclase, with abundant granular 

epidote. 

(j) Zones of Crushing. 

In previous memoirs on the southern parts of the Outer Hebrides a 
of a marked zone of shearing along the eastern parts of the isla .. , h ck 

rooks show all stages of crushing, including the formation o nylom es and tot} cm 1 . 

Occasionally wher'e the crushing has been accompanied by fusion 
formed. In South Uist and in North Uist the crushed zone has » 

h " ft N ^e on the south side 

include Hermetray and part of the island of V„ 
There is evidence that this belt of crushed rock continues north-east into the aiea dealt with 
hi the prelenlpaper (PI. V). Here, however, the crushed zone has no clearly marked base, 
and the crushing is not usually so marked as farther south. 

Extensive crashing was noticed on the island of Gilsay. Tim. sn all * J w 
Ihe centre of the east end of the Sound of Harris shows on the west side vertically bande 
acid and bornblendie gneisses, with the usual north-west or north-north-west strike, 
south-e^st part^of the iSand, on the other hand, has the gneisses 

while a rid< e a short, distance from the east side is made up of gneisses mid pegmatites aushe 
I’d I, litres reduced to green mylonites. The neighbouring skerry D = , shows much 
disturbance of the gneiss and probably lies withm the same zone of distm ^bance 

Farther north on Benish Point the rocks are crashed and shot with mah vein. y 

crash material or pseudo-tachylyte. The paragneisses and associated racks on the south 
griip 0 f t> ie Xgie of Vallay are crushed and mashed together. 

31 On Budlra Vallarip the effects of crashing are well seen, 

of the promontory being reduced to a platy green mylomte t ’ 

nnd din to the south-east. The crushing, however, is not confined to the coast but exte 

inlamHo west of the Rodil-Finsbay road. The anorthosite-gneiss loses its characteristic roug i- 

iointed weathered surface, and with the quartzose pegmatites which occasionally cut it 

CmesIIs hliteiy white lorcellanous rock. A marked zone of jSf 

of much flinty crush-rock is seen west of the road along the steep N,-b. face east ot btui B na. 
Tust west of Loch Vallarip the crushed anorthosite-gneiss and associated rocks form a pseudo- 
bralcil tt'Ln the JL manner by flinty crush material. Crashing of snmlar type can 

b6 ToXrfLlngafabay! aa at Cnoc Mor Hal and Sron Ghaoithe, the rocto have been crushed 
and occasionally in consequence have a north-east foliation superinduced upon them, 
is best seen on the coast at Cnoc Mor Hal. To the west of this superinduced foliation is a 
IS, “dime the rocks appear massive and without definite f oliation in he field hough evrdmme 
of crushing is seen under the microscope. To the west of this zone the normal N.N.W. tol c 

tl0n Faxthefnorth-east, on the promontories such as Quidnish, Ard Manish, Ard Mor, and 
Rudha Cluer, the crushing is not obvious in the field, but is usually shown m microscopic 

sections. 
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Around Scadabay and Plocrapol the area affected by crushing is much wider than farther 
south, but the degree of crushing varies considerably. On Plocrapol Point a north-east 
foliation has sometimes been superinduced on rocks that' have undergone crushing, but 
farther south, as at Camas na Roide and on Rudha Bocaig, considerable areas occur where 
the foliation has the usual N.W.-S.E. strike, though even here narrow belts of crushed rock 
lie between relatively uncrushed portions. The gneiss in this district is highly jointed, the 
main joints running N.-S., while the smaller joints tend to be irregular but trend mainly 
E.-W. The surface is very broken with numerous hillocks showing steep faces — a type of 
scenery like that displayed in the Me of Ronay off North Uist. This is well exemplified on 
the south-east coast of Harris at the head of Loch na Uamha. 

On the promontory between Loch Scadabay and Loch Grosebay the gneisses show varying 
stages of crushing, a marked belt running north from the north-west end of Scadabay. Along 
the north-east side of Loch Grosebay crushed bands alternate with others less affected. On 
the steep face of the promontory there is much evidence of shearing and of numerous small 
reversed faults accompanied by well-developed jointing. 

It is worthy of note that many of the rocks of this belt, which appear massive and un- 
deformed in the field, when examined under the microscope show obvious signs of shearing. 
The quartz is drawn out and granulitised, the felspars crushed and decomposed, but the dark 
minerals are less affected. 

On the Island of Scalpay evidence of shearing by movement from the south-east is 
abundant and clear. At Eilean Glas near the lighthouse the prevalent acid and hornblendic 
gneisses have been sheared into platy rocks, but not usually reduced to mylonites. The 
strike of the new foliation is north-east, with steep dip to the south-east. Farther north 
on Greinen, north of Scoraviek and on Ard Riabhaeh, the grey acid-gneiss, hornblende-gneiss, 
and pyroxene-hornblende-gneiss, the pegmatites and occasional quartz veins have been sheared 
and have developed a north-east strike and dip to the south-east. Just west of this belt is 
a narrow zone where the gneisses are markedly jointed. West of the highly-jointed zone the 
usual north-west foliation is resumed. 

It appears, therefore, that the south-east coast of South Harris and the eastern part 
of the Isle of Scalpay are on or near the great zone of shearing, which is better displayed in 
the isles farther south. The movements which produce the crushing appear to have been 
from south-east to north-west. 

In addition to this crushed zone bordering the south-east coast several narrow crush 
bands were observed in South Harris which have a general north-west trend. The positions of 
the more important of these are marked on the map. Though of little breadth they have had 
an important effect on the topography, for, as a result of erosion, they lie now in well-marked 
valleys cut occasionally to near sea-level. Along these bands the rocks may be brecciated, 
drawn out, or occasionally reduced to mylonites, but flinty crush-rock appears to be rare. 

On Scalpay, at Scoraviek, a belt of splintery green mylonite about 20 yards wide is 
exposed on the shore, and strikes W.N.W. through the hollow marked by a chain of lochs. 
On the same line of strike a crush band crosses the narrow isthmus at Tarbert, being well 
seen on the south side of the valley at the heads of East and West Loch Tarbert. Another 
narrow one was noted running from Loch Ceann Dibig towards Bagh Stioclett. 

A well-marked crush zone occupies the hollow along which the main road passes from 
the south-east to the north-west coast. It is occupied by Loch Bearasta Mor and other smaller 
lochs, and farther north-west forms the Laxdale valley. The crushed material can be seen 

near the head of Laxdale. 
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Another forms the Bealach Teor avail, and smaller examples can he seen in the higher 
passes to the south-west, e.g. Bealach Garbh. 

Evidence of crushing by movement, however, is not confined to the examples mentioned, 
but occurs in varying degree throughout the area described. Thus considerable shearing 
can be seen along the south-west face of Roneval, on the Toe Head, and at the junction of 
the gabbro-diorite, with hornblende-schists at Bay Steingie. The granite-gneiss itself gener- 
ally shows throughout its outcrop traces of crushing and granulitisation by movement. 


2. Minor Intrusions op Later Age. 

Minor intrusions, generally in the form of dykes, which are later than the movements 
affecting the gneiss, are fairly numerous and evenly distributed throughout the area. 

The general line of strike is S.E-N.W. or S.S.E.-N.N.W. A few strike nearly N. and 
S., or even N.E.-S.W., but this difference in trend does not, so far as observed, involve difference 
in character. 

They vary in thickness from less than a foot up to 80 feet. The average thickness of 
50 measured was 10 feet. 

Some of the larger dykes, though not very prominent on the coast, yet form prominent 
features inland, especially on the bare rocky ground of the Braigh nam Bagli and farther N. 
One example, seen on both sides of the road N. of the head of Loch Stoekenish, is especially 
prominent, and numerous examples of the same kind can be seen along the ridge from Bulaval 
N.E. to West Stoeklett. 

Our collections include the following types: — 

Olivine Dolerites. — These are by far the most common. They are generally markedly 
opliitic or, as in the case of the large dykes, have large felspars or groups of felspars well zoned 
and containing brown inclusions, probably glass, in a matrix of somewhat finer grain which 
shows ophitie structure. The amount of olivine present varies somewhat, and some show 
a small proportion of finely crystalline but generally decomposed groundmass. 

Olivine Dolerites ( Grinan Type). — These are fairly common, more especially on the Island 
of Scalpay. They show the usual ophitie structures — the purple or plum-coloured pyroxene, 
labradorite-felspar, with more acid margins, abundant olivine altering to yellow-brown 
serpentine, apatite, iron-ores, and a variable proportion of analeime. 

Examples of this kind are: The 4-foot dyke running nearly N. and S. on Greinen Scalpay, 
the small dyke beside the lighthouse on Glas Eilean Scalpay, and the 10-foot dyke S. of Ben 
Scoraviek on the south coast of Scalpay. 

Tholeiites.—A few dykes are marked by the absence of olivine. In these a pale granular 
augite and plagioclase-felspar make up the bulk of the rock. They are noteworthy in that 
they contain a noticeable amount of brown glass occurring interstitially and also in vesicles. 
In the vesicles this glass is accompanied by a dark green amorphous material, which resembles 
the chlorophseite of Dalmahoy and Kaimes,* near Edinburgh. 

Examples of this type are the 10-foot dyke on Eilean Quidnish and the somewhat larger 
dyke on the west side of Aird Harnasaig, Loch Grosebay. 

Lamprophyres. — A few small rather decomposed dykes should probably be included here. 
The freshest of these is a small dyke from near the summit of Roneval. It consists of large 
crystals or groups of crystals, sometimes forming a cross, of a pale brown augite in a ground- 
mass of much decomposed plagioclase. Small crystals of a reddish-brown hornblende and 

* Campbell and Lunn, Min . Mag ., vol. xx, No. 110, p. 435. 
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still smaller flakes of biotite occur sparingly. Grains of epidote, magnetite, and pyrite, and 
numerous fine needles of apatite are noticeable. The rock throughout is cloudy from abundance 
of secondary carbonates. Vesicles are filled with calcite and quartz, and grains of quartz 
occur sporadically through the rock. The rock may be described as an Augite Lamprophyre. 

IV. Glaciation. 

The glacial phenomena of South Harris are very similar to those already described in 
the islands forming the southern part of the Outer Hebrides. The upper part of the mer de 
glace moving out from Skye and the mainland across the Minch passed over South Harris 
in a direction from south-east to north-west. It buried the whole region except the tops 
of the highest mountains, which must have stood like nunataks above the general surface 
of the ice. For the most part the rock surfaces are bare of drift and present mamillated 
and smooth surfaces or roches moutonnees on the south-west slopes of the hills, while the 
north-eastern slopes are more irregular and less glaciated. These features are particularly 
well displayed along the south-east coast and again on the hilly ground bordering the west 
coast.* Strife are numerous and usually trend from S.E. to N.W., but a few run more or 
less N. and S., the latter occurring usually on vertical joint faces. A number of these striae 
are indicated on the map (PI. V). Deposits of drift occur at many places, chiefly on the lee 
or north-western side of the hills, but pockets of irregular patches are also found in the region 
bordering the south-east coast. Some of the principal localities in which considerable deposits 
of drift occur may be mentioned. A cliff of drift 20 feet high was found at the north-west 
end of the Isle of Killegray, and a cliff 10 feet high was again noted near the west of the Manish 
Strand at the north-west extremity of the Isle of Ensay. A low bank of boulder clay occurs 
on the north-east coast of this island at Bagh a Cotan, and the sea is cutting into another low 
bank of boulder clay on the east coast of the island south of Otternish. Good stiff boulder 
clay with included stones of local origin was exposed in excavations connected with road- 
making and the harbour of Leverburgh, and this extends up the valley to Loch na Moracha, 
being well seen on the slopes east of the loch and underlying the peat on the loch side. Cliffs 
of boulder clay 20 feet high, with some angular blocks of local rock, overlook the shore at 
Traigh na h-Uidhe south-east of Ohaipaval; a few of the included boulders were striated. 
Quartzite pebbles are fairly common on the beach below, evidently derived from the cliff, 
for some examples were still found embedded in the drift. On the beach of this locality 
there lie a few large boulders of granite and some boulders of the anorthosite rock. Much 
of the low ground separating the Toe Head promontory from the main body of South Harris 
consists of drift material and blown sand. The slopes between this locality and Scarastavore 
are covered by skin and drift. As exposed on the roadside, the drift attains at places a depth 
of 10 feet. It is a fairly typical boulder clay with some angular boulders of local rock. The 
boulder clay passes under the sand dunes bordering the shore. In this neighbourhood some 
old gravel pits were noted in the drift. 

Farther north on the west coast a cliff of drift 15 feet high was noted on the south-west 
side of Ard Nisabost promontory and a cap of drift with blown sand covers the whole of the 
promontory. A thin skin of drift lies on the slopes of the hills between Ard Nisabost and 
Traigh Luskentyre ; there is a considerable exposure of rubbly drift on the south side of West 
Tarbert Bay at its head near the pier. Some rubbly drift is exposed in the bay to the east 

* Some of tto most beautifully glaciated and striated surfaces in South Harris are seen on the band of peridotite rook just 
north of the north-western extremity of Loch Langavat. 
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VI. EXPLANATION OF PLATES. 

Plate I. 

ni r Eodil showing rough surface and enclosed nodules of 

Crystalline limestone near bt Clement s Church, nod , 


Anorthosite-gneiss ; south side of Loire Roneval showing rough weathering and streaky foliation. 

;s;l; massive jointing, garnets, 

and irregular veins of hornblende. 

Plate II. 

Fig. 1. Crystalline limestone; Bay Steingie, north-west co.st, showing bending ond weathering. On the 

right are fine-grained hornblende-schists. „ a LK ro .diorite is in the foreground, the bay and low 

Fig. 2. View to the north-ea. bom Budla Inatk Ttopbtaoc , mM tods “ o{ the Loot Langavat 

ohore oi Z'cZtt Nisabost and the Lnetentyre Hide, composed mainly of granite-gneiss 

L. 8 ; 3o«S Sgarbh, looking north-west. Shows qnarts-hiotite-.ehmts or gn.mse. drpp.ng 

“* P I Tv° rSTLach at Borvo Lodge, looking sonth-east. The photograph show, qnartz-biotit.-sohist, 
and hornblende-biotite-schists dipping to the south-west and cut by a pegmatite. 
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Plate III. 

St Clement’s CEurcE, Rodil. TEe rock consists of forsterite partly 
groundmass of coarse and fine carbonates. Ordinary ligEt. 

St Clement’s CEurcE, Rodil. TEe slide sEows quartz 

abundant biotite, garnet, flakes of graphite, and grains of pyrite. 

Rodil. TEe slide shows abundant quartz, felspar including 
cols. X 27 diameters. 

LeverburgE (fine-grained part). SEows abundant quartz, 

X 48 diameters. > . 

SEows abundant quartz, garnet, kyanite, biotite, and 

St Clement’s CEurcE, Rodil. TEe slide sEows plagioclase, Eorn- 
X 20 diameters. 


Fig. 1. Crystalline limestone ; quarry ; 
serpentinised, pyroxene, pElogopite, and pyrite in a g. 

X 20 diameters. 

Fig. 2. Fine-grained ferruginous quartz-seEist ; quarry : 

in irregular grains, fresE and decomposed felspar, a 

Crossed nicols. X 27 diameters. 

Fig. 3. Quartz-felspar-biotite rock nortE of tEe piers, 
microcline, biotite, and disseminated pyrite. C 

Fig. 4. Quartz-garnet-sillimanite rock ; tl 
felspar, biotite, and fibrous sillimanite. Crosse 

Fig. 5. Quartz-garnet-kyanite rock ; CE 
microcline. Crossed nicols. X 27 diameters. 

H'icr fi. Hornblende-nvroxene-garnet rock 


Fig. 2. AnortEosite-gneiss ; Beinn na E-Aire — dark part. TEe slide si 
tEe latter fringed by an intergrowth of hornblende and felspar. Ordinary fi 
Fig. 3. Gabbro-diorite ; south side of Bay Steingie. TEe 'slide contai: 
times with a core of pyroxene, biotite, iron-ores, and apatite. Ordinary lig 
Fig. 4. Eclogite ; Beinn TEarsuinn. TEe slide shows garnet, Eornblei 
light. X 20 diameters. 

Fig. 5. Quartz-biotite-schist ; shore, near Borve Lodge. TEe slide 
plagioclase), biotite, sphene, and pyrite. Ordinary light. X 20 diameters 
Fig. 6. Granite-gneiss; roadside three-quarters of a mile north of B 
quartz granulitised, orthoclase, microcline and oligoclase, biotite, muscovi 
diameters. 

Plate V. 

Geological Map of South Harris, 
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XXI. — The Tholeiites and Dolerites of the Dalmahoy Syncline. By Robert Campbell, 

M.A., D.Sc., and James W. Lunn, B.Se., Ph.D. (With Two Plates and One Text-figure.) 

(MS. received July 29, 1927. Read June 20, 1927. Issued separately December 33, 1927.) 

I. Introduction. 

The shallow synclinal fold termed the Dalmahoy syncline is situated between the north- 
western flank of the Pentland Hills and the Murieston fault, the most southerly of the five 
important easterly and north-easterly dislocations which traverse the oil-shale field of West 
Lothian. The core of the syncline is occupied by rocks belonging to the lower division of the 
Oil-Shale Group of the Lower Carboniferous. Intervening between these and the Cement- 
stone Group is a volcanic zone, probably on the same horizon as the Arthur’s Seat lavas, 
consisting mainly of mugearites and basalts which show their greatest development in the 
Corston Hill district. Along the whole of the southern limb of the syncline is an extensive 
spread of Upper Old Red Sandstone, but this formation is almost entirely cut out in the 
northern limb by the Murieston fault, appearing only in the core of a small anticline near 
Seims. 

Associated with the bedded rocks of the syncline are several intrusive sills which belong 
petrographically to a single suite quite distinct from the quartz-dolerites and teschenites 
of the Edinburgh district, and which form the subject of the present communication. The 
largest intrusion extends through the conspicuous hills of Ravelrig, Dalmahoy, and Kaimes. 
Others occur at Kirknewton, Seims, Auchinoon, and Camilty (see map, text-fig. 1). 

II. Previous Investigation. 

In his Essai Geologique sur UEcosse, A. Boue gave a description of the rocks of Dalmahoy 
which he regarded as varieties of phonolite (Kling stein). He recorded the occurrence of 
“a green mineral* which possesses the singular property of passing very quickly on 
exposure to air to brownish black, then to black, taking on here and there in this passage a 
metallic lustre quite like that of diallage metalloids,' ’ and quoted the opinion of M. Cordier 
regarding the cause of the colour change. The observation is of interest since the mineral, 
which we now regard as identical with the chlorophseite of Macculloch,| is one of the chief 
constituents of the Dalmahoy tholeiites but has been overlooked in all the modern descrip- 
tions of the rocks. • 

Charles MaoLaren described the “trap rocks” of Auchinoon and Dalmahoy in his 
Geology of Fife and the Lothians. He seems to have been puzzled by the unusual characters 
of the Auchinoon roek,J and found it “interesting as exemplifying the process by which 
some varieties of the trap family have been produced.” “It seems probable,” he said, “that 
in the Auchinoon rock we have nature caught in the fact, as it were, or the process of con- 
verting slate clay into greenstone arrested when half completed.” It is clear from the details 

* Essai Geologique sur UEcosse {circa 1820), pp. 127 and 157. 

f A Description of the Western Isles of Scotland, 1819, vol. i, p. 504. 

% Geology of Fife and the Lothians , 1st ed., 1839, pp. 171-173 ; and 2nd ed., 1866, pp, 234-236 
TRANS. ROY. SOC. EDIN., YOL, LV, PART II (NO. 21). 
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of his description that MacLaren’s relict pieces of “slate clay are nodules of chlorophseite 
and chlorite. 

The earliest account of the microscopic characters of the rocks is given by Allport.* 
He sectioned the rocks of Dalmahoy Hill and Kaimes Hill, and described them as consisting 
of plagioclase, augite, magnetite, and yellowish-green pseudomorphs of olivine, with apatite 
occurring sparingly. He found also that “the spaces between the larger constituents are 
filled with a felsitic and cryptocrystalline mass instead of the usual glass; in one section 
this substance also occurs as a small vein and is crowded with minute hexagonal plates of 
specular iron.” 

Sir Archibald Geikie j published a coloured figure of a slice of the Dalmahoy rock as 
representing some of the more salient characters of the local dolerites, and, in the accom- 
panying explanation, referred to the considerable proportion of groundmass interposed between 
the various minerals. He recognised also that the crystals of iron oxide were titaniferous. 
A brief account of this rock, based mainly on Allport’s description, is given by Sir 
J. J. H. Teall.J 

A more detailed description of the microscopic characters of the rocks of the Dalmahoy 
intrusion has been given by Sir John S. Flett,§ who observed that the serpentinous pseudo- 
morphs after olivine sometimes contain un decomposed fragments of that mineral. Although 
he included it in his group of olivine-dolerites, Flett stated that in its petrographical 
characters the Dalmahoy sill was not very closely related to any other rock of that group 
in the Edinburgh district. 

T. Cuthbert Day discovered the presence of selvages of tachylyte || at the base of the 
Dalmahoy sill at Ravelrig Quarry and along the margins of an offshoot from the main sill at 
Kaimes, and he has published also an account of the Auchinoon sill.*[f The occurrence of 
chlorophseite in the rocks of Dalmahoy and Kaimes Hills has been recorded by the authors ** 
in a paper in which they discuss the physical and chemical properties of that mineral. 

III. Field Characters. 

Dalmahoy Intrusion. — The largest of the sills is the one situated about half a mile west 
of Balerno and usually spoken of as the Dalmahoy intrusion. Extending along the strike 
for fully 2 miles, it has a thickness of over 150 feet and embraces the conspicuous hills of 
Ravelrig, Dalmahoy, and Kaimes. The last two hills attain a height of over 800 feet. The 
tholeiites have been quarried for setts, curbs, and road “metal” for many years. At present 
two large quarries, Ravelrig and Kaimes, are being worked, and there are several disused 
quarries, two of them of considerable size, namely Hannahfield Quarry at the east end and 
Sheds's Quarry near the west end of Ravelrig Hill. Topographically the most outstanding 
feature is the bold columnar escarpment along the northern face of Dalmahoy Hill, which is 
repeated, although in less striking form, in Kaimes Hill to the west. The hollow between 
these two hills marks the course of a dip fault, and an oblique fault has determined the 
abrupt termination of successive escarpments at the western limit of Ravelrig Hill. On the 
southern aspect of the hills the bare dip slopes are intensely ice-moulded and show many 
glacial grooves which trend a little north of east. 

Textural, and in lesser degree mineralogical, variations in different parts of the sill are 

* QimH. Jtiiifh. (kut. ,sv„ 187 1, vol. xxx, p. 555. f Trims. Roy. Soc. Min., 1879, vol. xxix, p. 517. 

t Hriliah Pdrogriiphtj, 1888, p. 190. § “ The Neighbourhood of Edinburgh,” Mem. Owl Sun. Scotland, 1910, p. 291. 

1} MM % , CM, 1020, vol. xu pp. 10-17. 1 ' ' " ■ ' 

' 1 ; 11 |§10, vol# pp. 5l~53 and 128-1 30, 


** Min. Mag., 1925, vol, xx, pp. 435-440. 
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very marked, and it is possible to distinguish in the field types ranging from tachylyte through 
basalt to tholeiite of varying coarseness, dolerite, and dolerite-pegmatite. There is con- 
siderable diversity also in the character of the jointing. One zone is characterised by the 
perfection of its columnar jointing, in places the rocks have a well-marked platy jointing, 
elsewhere the dominating joints are vertical but widely spaced. The variations in textural 
and structural characters are reflected in the minor topographical features, which suggest 
strongly that the sill is made up of a succession of intrusions. In Kaimes Hill, for example, 
where the dip is low and where only the lower half of the sill has escaped denudation, the 
following upward succession is seen in the eastern portion of the hill: (a) Coarse tholeiite 
passing gradually towards the base into “white trap”; ( b ) basalt; (c) medium-grained 
tholeiite, with occasional schlieren of coarse tholeiite, traversed by an extraordinary abundance 
of segregation veins and showing good columnar jointing; (d) dolerite. Zones ( b ), (e), and ( d ) 
outcrop on both the northern and southern aspects of the hill. On the southern working 
face of Kaimes Quarry the jointing in (c) becomes horizontal. The horizontally jointed rock 
can be followed for some distance around the southern base of the hill when it forms a distinct 
minor feature, suggesting that sheet (c) is here assuming a dyke-like character with a trans- 
gressive relation to (a) and (b). The basalt zone is well exposed in a small disused quarry 
opposite the termination of the track which leads to the hill from the Lanark road. 

In Dalmahoy Hill the dip of the sill is much steeper, and higher zones are preserved. 

Zones (a) and ( b ) are identical with the corresponding zones in Kaimes Hill, and are 
best exposed in a small disused quarry near the western extremity of the Crag of Dalmahoy. 
There the basalt has a thickness of about 30 feet. Zone (c) is again marked by its pronounced 
columnar jointing, but segregation veins occur only sparingly, and the rock is on the whole 
somewhat coarser in grain than at Kaimes and Ravelrig. Zone (d) is a coarse dolerite with 
lenses and layers of dolerite-pegmatite, the latter being developed extensively in exposures 
along the dip slope of the highest crag. Zone (e), which is basaltic in texture, and zone (/), 
which is a coarse tholeiite, appear in occasional prominences near the base of the dip slope. 
The top of the sill is here concealed under the peat deposits which occupy the site of an old 
glacial lake. 

The succession in Ravelrig Hill is the same as in Dalmahoy except that the lower basaltic 
zone is not seen east of Sheds’s Quarry. Throughout this hill, however, zone (c), as in 
Kaimes Hill, is marked by its excessive development of segregation veins. The dolerite- 
pegmatites of zone ( d ) occur in the upper part of the south face of Ravelrig Quarry, and they 
may be studied in numerous crags to the west. The upper basaltic zone (e) outcrops more 
or less continuously, appearing to thicken towards the east end of the hill; it forms most 
of the south-eastern and south-western working faces of Hannahlield Quarry, and is well 
exposed in a prominent crag at the south-east end of the wood below the Lanark road. The 
highest coarse modification (/) passes locally into “white trap.” The top of the sill is here 
obscured by drift deposits, and the contact with the overlying sediments has not been seen. 

That the sill is a composite one is quite clear, but the order of injection of the constituent 
sheets is not always demonstrable. The lowest zone (a) shows distinct evidence of chilling 
in the occurrence of a tachylytic selvage well seen at the entrance of Ravelrig Quarry. The 
lower basalt (b) is everywhere clearly intrusive into (a), but does not show chilled margins; 
it contains numerous cognate xenoliths derived from (a). The upper basalt is richly charged 
with similar xenoliths, the abundance of which gives the rock at first sigtit the appearance 
of a fine-grained dolerite rather than a basalt. The relations between fc) and the other 
sheets are obscure, but at Kaimes Quarry and elsewhere are suggestive thatM is the youngest 
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show little variation in their bulk composition. The sill is built up 
of very similar material. 


member of the complex. Probably (a), (d), and (/) all belong to the earliest injection, followed 
by (b) and (e) and later by (c). As will be seen from the detailed chemical and mmeralogical 
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of colour they undergo when first exposed. The freshly broken rocks are greenish grey in 
colour but darken quickly and become black on exposure to air. Along lines of open joints 
and on weathered surfaces generally the rocks are reddish brown. These colour changes are 
due to oxidation together with dehydration of chlorophseite, which is one of the chief rock 
constituents, and have been discussed in a paper in the Mineralogical Magazine .* 

No less distinctive are the segregation veins. These occur sporadically in most parts of 
the sill, but have their greatest development in the columnar sheet in Ravelrig and Kaimes 
Hills. Their colour is uniformly dull black. In thickness they range usually from mere films 
to about one-third of an inch, or exceptionally up to 3 inches. So abundant are they that in 
places one may count as many as fourteen within the space of a foot. Although anastomosis 
is not uncommon, the veins as a whole are at right angles to the dominant joint planes. On 
weathered surfaces they project as tiny ridges (see PI. I, fig. 1). 

Veins of secondary minerals occur occasionally along movement planes. For example, 
in the north face of Ravelrig Quarry a large calcite vein shows splendid crystals of “nail-head 
spar.” In Kaimes Quarry a composite vein carries calcite, barytes, amethystine quartz, 
“chlorite,” and occasional crystals of galena up to half an inch in diameter. Calcite and 
“chlorite” are the commonest vein minerals. 

The underlying sediments, which belong to the Cementstone Group, are well exposed 
along the northern slopes of Kaimes Hill and Dalmahoy Hill, with a dip to the south and 
south-east. A thin offshoot from the main sill near Kaimes Quarry, of interest chiefly 
because of its taehylytic borders, has been described and figured by T. Cuthbert DiY,f who 
has also given an account of the instructive contact section at the entrance to Ravelrig Quarry. 

Johnsburn. — Half a mile south-west of Balerno a small exposure of tholeiite of the 
Dalmahoy type appears in the John’s Burn immediately below the smithy. The rock is 
undeeomposed, of coarse grain, and shows patches of fresh chlorophseite. 

Auchinoon. — Three masses of dolerite have been mapped a short distance north of 
Harperrig Reservoir. The largest gives rise to the high ground of Auchinoon Hill and is 
entirely grass-grown except for a few decomposed knolls on the south-west slope. The second 
mass which occurs near the north side of the main road is the one which was described by 
MacLaren.J It has attracted attention chiefly because of the interesting character of the 
overlying hornfelses which dip south at eighteen degrees. The contact phenomena have been 
described by Sir John S. Flett § and by T. Cuthbert Day.|| The quarry, long disused, has 
been reopened recently. The igneous rock is a coarse-grained vesicular dolerite, dark green 
in colour, and for the most part in a highly decomposed condition. Vesicles and veinlets of 
chlorophi-eite and chloritic minerals are abundant, and it was these that were mistaken by 
MacLaren for undigested fragments of “slate clay.” The third occurrence is found on the 
south side of the road in the neighbourhood of Auchinoon. Here again the rock is every- 
where extremely decomposed. The Auchinoon intrusions all occur near the base of the 
Lower Oil-Shale Group. 

Gamilty. — Along the right bank of the Linhouse Water, a quarter of a mile north of 
Camilty Mill, the upper part of an intrusive sill is exposed for some 16 yards with a maximum 
visible thickness of 3 feet. The rock is spheroidal, considerably decomposed, and overlaid by 
12 feet of sandstone — the whole section dipping west-north-west at twenty degrees. Half a mile 

* Log . cit. 9 p. 439. f Trans . Edin. Oeol , Soc 1920, vol. xi, p. 17. 

if Geology of Fife and the Lothians, 1st ecL, 1839, p. 171 ; and 2nd ed., 1866, p. 234. 

§ ce The Neighbourhood of Edinburgh,” Mem. Geol. Surv. Scotland , 1910, pp. 314 and 315. 

|| Trans. Min, Geol . Soc „ 1920, vol. xi, pt. i, pp, 51-53 ; and 1923, vol. xi, pt. ii, pp. 128-130. 
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i and one of its tributaries. Here 

south-east of this point the sill is expose ^ greenish-black colour, and shows 

it i. a moderately fresh dolente ot coarse t ° V ne Td a quarter miles south-east 

abundant dull black patches o ecompose Halfway House a bore passed through an 

of Camilty of of L Camilty rock. 

SVl : nii of S^d^cS^ir^ble. Two extensions of the siU-hiUrerto 
" d “h d S ^ anTtones” t -are exposed in a small burn running north-west rnto 
^tho J Water. The marn sill is truncated on the north by the Muneston fault. 

M* -This sill lying 1 mile south-south-east of Mid-Calder, forms a prominent semi- 
lunar ri“e ristac to over TOO feet at Seims Tops. Crags are developed along the convex or 
north-west side and the extremities of the ridge are truncated by the Muneston fault. From 
Sel™ Tops Two l„w ridges extend westwards; the rock exposed at the extreme west end o 
the southern ridge is of coarse grain and greenish black in colour, and. I carries ^ 

lenticles of chlorophaite. Horizontal segregation veins similar to those of Dalmahoy _ 
smringlv developed. The freshest material was obtained from spheroidal blocks m the nor i 
rfd™that being the only locality where pyroxenes are preserved. Further east the sill has 
£' “on a ,a4c scal/at Gowanbra*. Here the rock is — "ense y 
chloritised and shows a basal modification approaching white trap. Two hundred yards 
north-east of Gowanbrae Quarry a section shows vesicular tholeute overlaid by a thin coverin 
of stdrmems dipping east south-east at ten degrees. Field evidence rn tins locahty .ndrcates 

a thickness for the sill of about 80 feet. . q 0 i m(l r m 0 - P 

Kirhnewton . — This mass may be considered an easterly extension of the Seims ridge 
Trending east and west, it is about | mile in length and has an average dip south of twenty 
degrees § The central prominence of Hallcraigs (600 feet) has been quarried and the summit 
eS„Ld quitcU material. Generally the rock is very srmilar to tt. dtojtfurfe- 
rich tholeiites of Dalmahoy, while locally there is a sparing development of the thin dark 
segregation veins so characteristic of that intrusion. Hear this point a flooded quarry shows 
vertical columnar structure and typical thin, horizontal, anastomosing segregatam vei^ 
West of the Craigs a narrow and almost continuous outcrop extends clown to Gogar tint _ 
where the sill gives rise to a small waterfall. In this locality the rock is finer and less we 
preserved. A smaller mass at Overton Farm is separated from the mam sill by a strike fault. 
A section on the south side of the farm-house shows a lower coarse modification m sharp 
unchilled contact with an upper finer modification, the former carrying abundant chlorophseite 

patches oxidised to a deep red colour. ■ n mii ,. c , nnp 

The Seims and Ivirknewton sills have been intruded near the base of the Oemcntstone 

' . Group. 

IV. Petrology. 

A detailed study of their petrographical and chemical characters has shown that the 
inferiisiohs belong to two distinct, though cognate, groups. The first includes the composite 

* Mormatioa obtained from records in Geological Survey Office, Edinburgh, 

| Geological Survey 0-inch Map, Edinburghshire, Sheet 5, S.E, 
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sill at Ravelrig, Dalmahoy, and Kaimes, together with the sills at John’s Burn, Kirknewton, 
Overton, and Seims, all intruded at or near the base of the Cementstone Group and below 
the horizon of the Corston Hill lavas ; the second comprises the Auchinoon sills, the Camilty 
sill, and the thick sill revealed by the bore near Halfway House, all of which occur a short 
distance above the lavas. The rocks of the first group show wide diversity of texture, ranging 
from basalts through medium-grained tholeiites to very coarse dolerites. They are all rich 
in chlorophseite, and all carry fayalite or pseudomorphs after that mineral. In their bulk 
composition they are closely related to the mugearites. The rocks of the second group are 
all dolerites, carrying much chlorite as well as chlorophseite, and in their chemical characters 
they are nearly related to the essexite * of the Lochend sill. It is suggested that the chloro- 
phseite-rich rocks with mugearitic affinities should be termed basalts, tholeiites, and dolerites 
of Dalmahoy type, and that the dolerites rich in both chlorophseite and chlorites should be 
distinguished as dolerites of Auchinoon type. 


A. Tholeiites, Doleeites, and Basalts of Dalmahoy Type. 

(a) The Ravelkig — -Dalmahoy — Kaimes Sill. 

The members of this composite sill show little variation in mineral composition, but 
several textural modifications are met with. For descriptive purposes the dominant rocks 
may be designated basalt, tholeiite (as defined by E. B. Bailey j and H. H. Thomas), and 
dolerite. 

Tholeiites. 

The tholeiites are fine-grained to medium-grained rocks consisting of moderately basic 
plagioclase, augite, fayalite, titaniferous magnetite, and apatite, together with a varying amount 
of intersertal glassy or felsitic mesostasis which is invariably associated with much chloro- 
phseite and frequently carries primary quartz. 

Early Constituents. — The dominant early constituent is plagioclase, which makes up 
46 to 48 per cent, of the rock. The crystals average about 0-5 mm. although they occasionally 
attain a length of over 1 mm. They are twinned on the Carlsbad and Albite laws, rarely 
on the Perieline law, and show well-marked zonal structure. They are almost free from 
inclusions, only an occasional small apatite inclusion having been noted. Measurements of 
refractive indices and extinction angles indicate a range of composition from acid labradorite 
to oligoclase, but the bulk of the felspar has a mean refractive index near 1-5546, which 
indicates a basic andesine with composition approaching Ab 56 . 5 A% 43 . 5 . The felspar crystals 
are occasionally bent. 

Augite, which makes up from 12 to 15 per cent, of the rock, is a pale brown variety, not 
usually pleochroic. It occurs partly in anhedral plates showing a sub-ophitic relation to the 
felspars, partly in columnar crystals with prismatic habit which attain a maximum length 
of 1-5 mm. and breadth of 0-25 mm. Quite frequently the crystals show simple or lamellar 
twinning parallel to 100. Like the augite of the quartz- dolerites of West Lothian, they carry 
large crystals of magnetite as peripheral inclusions. Fluid inclusions occur fairly often in 
the central parts of the crystals. The columnar augites are often curved or otherwise dis- 
torted, a phenomenon which, as E. B. Bailey and H. H'. Thomas % have pointed out, is of 

* <c The Geology of the Neigh bourhood of Edinburgh,’ 5 Mem. Qeol, 8urv„ 1910 , p. 292 . 

f “ Tertiary and Post-Tertiary Geology of Mull,” ibid,, 1924, p. 280. 

J Op . ciL, p. 303. 
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i i 11 - -fVnm q mib-basic magma was accompanied by 

common occurrence when crystallisation iiom a ► 

s ep aidtion of an ig almost completely replaced by chlorophseite, but deter- 

• T , , , . m a vqIupq of the double refraction of small unaltered 

mmations by a Berek compensator of the values ox me uuu . , , 

^ . i i fuel liirp flip fresher olivines ot the associated 

patches gave values up to 0-048, shoving clearly that, like the iresnei onv 

basalts, it is a variety very rich in iron and approaching aya i . , which are 

crystallisation. It is moulded on both felspar and augite, and most of the crystals, w 
commonly markedly euhedral, occur in association with patches o g assy mesos asis. 

' Iron oxides, in the form of crystals and skeletal growths, are abundant making up irom 
6 to 7 per cent, of the rock. There may be some ilmemte, but the bulk of the iron ore has 
the characters of titano-magnetite. Its crystallisation began during t re grow l o e au & i 
and was continued during the period of consolidation of the mesostasis. 

Mesostasis. — The intersertal mesostasis, which makes up nearly 30 per eeir. o' me average 
rock, can be resolved into two sharply separated phases, the first consisting of glass or de- 
vitrified glass with microlites, and the second consisting mainly of chlorop sere (see . ., 

fig. 3). In the glassy part of the mesostasis the chief element in some cases is a pale brown 
glass, but very often the place of the glass is taken in large measure by a felspathic cemen , 
probably poorly differentiated orthoclase. Included in the glass are numerous micro l es 
and aeicular crystals of albite-oligoclase and augite. Apatite is usually abun an , > is 
mineral being mainly of late crystallisation. And in keeping with the late concentration o ' 
iron, characteristic of the rocks, we find an abundant development of granules and skeieta 
rods of magnetite and small hexagonal plates of haematite. Sometimes, too, the g assy 
mesostasis contains chlorophseite pseudomorphing narrow elongated laths whose s apes 
suggest original skeletal olivines. Small patches of quartz occur occasionally , and very rare y 
pseudospherulites which may represent fine cryptographic growths of quartz and felspar. 

As determined by micrometric measurements the tholeiites carry from 10 to 15 per cent, 
of chlorophseite. Some of the chlorophseite, as we have seen, replaces fayalite crystals or 
skeletal growths associated with the glassy mesostasis, and some occurs interstitially. The 
bulk of the mineral, however, is found in the form of amceboid patches occupying usually a 
central position in the areas of glassy mesostasis. Occasionally the larger patches of chloro- 
pliifeite have a central area of carbonates. 

The fine- to medium-grained tholeiites described above, and characterised also by the 
unusual habit and abundance of their segregation veins, constitute the major part of the 
highly columnar portion of the sill. Tholeiites of coarser grain form a persistent zone at the 
base of the sill and also occur as schlieren in the finer tholeiites. The most striking macro- 
scopic character of these coarse-grained tholeiites is the abundance and unusually large size 
of the patches of chlorophseite. The felspars of early crystallisation attain an average length 
of 1 mm., and most of the augite is in anhedral plates in subophitic relation to the former. 
Not infrequently the augite is in part replaced by a green mica-like mineral with strong double 
refraction (? bowlingitej. The glassy mesostasis is in somewhat greater amount than in the 
finer tholeiites. The amoeboid patches of chlorophseite are often separated from the glass 
by u fringe of pale green chlorite which also occurs as spherules in the chlorophseite. 
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completely replaced by rhombohedral carbonates, but most of the felspar is unaltered or has 
undergone only slight carbonisation. No original chlorophseite is left, its place being taken 
by carbonates together with chalcedony and a pale yellow to colourless isotropic substance 
with refractive index approximately 1-47 and soluble in caustic alkalies — probably opaline 
silica. Much leucoxene has resulted from the partial alteration of the titaniferous magnetite, 
and in some cases there is a considerable development of haematite at the expense of the same 
mineral. The accessory apatite and htematite remain unaltered. The selvages of tachylyte 
consist of a black glass with numerous small phenocrysts, all of which appear to be altered 
felspar. 

Dolerites. 

The dolerites are coarser grained than the normal tholeiites, the average length of the early 
felspars being about 1 mm. They differ from these tholeiites also in that the augite does not 
so often assume a columnar habit, most of it being in anhedral plates in subophitic relation 
to the felspars. In this respect the dolerites resemble the coarser tholeiites, but they are 
distinguished from the latter by the much more mature crystallisation of the intersertal 
mesostasis (see PL II, fig. 4). Glass is absent, and the mesostasis is seen to be dominantly 
felspathic, consisting largely of acicular crystals and skeletal growths of albite-oligoclase set 
in a matrix of untwinned ortlioclase. It contains also occasional acicular crystals of augite. 
Haematite and magnetite are less abundant than in the tholeiites. Euhedral fayalites pseudo- 
morphed by chlorophaeite occur occasionally. Much of the chlorophaeite, as in the tholeiites, 
is in the form of large amoeboid patches associated with the intersertal mesostasis, but the 
crystalline character of the latter has led to a less distinct separation than in the glassy 
tholeiites, and a good deal of the chlorophaeite may be described as interstitial, occupying the 
interstices between the felspar laths of the matrix. An occasional euhedral, pale brown 
hornblende occurs in the areas of chlorophaeite. A small amount of quartz occurs inter- 
stitially. Apatite, frequently in skeletal form, is abundant in the mesostasis. 

Found only in association with the dolerites, which immediately overlie the columnar 
tholeiites, are lenses and persistent layers of from 1 to 2 feet in thickness of an exceptionally 
coarse rock, which, in comparison with the normal dolerites, may be termed dolerite-pegmatite. 
Numerous exposures of these pegmatites occur from Ravelrig Quarry westwards as far as the 
extreme west of Dalmahoy Hill. Their most conspicuous character in hand specimen is an 
unusual mode of occurrence of chlorophaeite. The amoeboid areas are unusually large — one 
exceptional patch measured 5 by 1 cm., but much of it occurs in variously orientated groups 
of thin parallel rods (see PL I, fig. 2). The longest rods are 2-5 cm. in length and 0-5 mm. 
in width and thickness. The majority range from 1 to 1-5 cm. in length. The unusual 
coarseness of these rocks is shown also by the size of the glistening cleavage surfaces of the 
felspars, which are tabular in habit and attain a maximum length of 1-6 cm. Their average 
length is about 5 mm. 

In thin section the rocks show a number of interesting features. All the augite of early 
crystallisation is in graphic intergrowth with plagioclase (see PL I, fig. 6), and additional 
proof of the early crystallisation of the latter is seen in the fact that the graphic intergrowth 
with augite is confined to the marginal portions of the larger felspars. This graphic inter- 
growth of augite and plagioclase recalls the similar occurrence in “coarsely crystalline masses 
and veins” in the dolerite of Hailstone Hill, Eowley, Staffordshire, described and figured 
first by Allpoet * and afterwards by Sir J. J. H. TEALL.f The large felspars are strongly 

* Quart . Journ . GeoL Soc, t vol. xxx, 1874, p. 549, and pL xxxiv, fig* 28. 

f British Petrography , 1888, p. 212, and pi. xxiii, fig. 2. 
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zoned, the central portion of finely zoned andesine usually sharply separated from a distinct 
outer zone of oligoclase. The augite is sometimes non-pleochroio, sometimes faintly pleochroic 
m the purplish-brown tints which indicate high titanium content; it is unusually rich m fluid 
inclusions Bnhedral pseudomorphs of chlorophieite after fayalite are found particularly 

near the margins of areas of mesostasis (see PL I, fig. 5). . „ , ... 

In keeping with the coarser-grained character of the rocks, the mesostasis of the pegmatites 
is coarser than that of the associated dolerites. The felspar includes albi e-oligoclase m 
untwinned laths and as skeletal outgrowths from the margins of the large felspais and also 
orthoclase. The augite occurs similarly, partly as skeletal outgrowths m optic continuity 
with the augite of the graphic augite-felspar groups, partly as isolated needles and forked 
prisms. The euhedral titaniferous magnetite of the early crystallisation gives place to bars, 
often arranged in parallel fashion over considerable areas and normal to the length o t le 
chlorophieite rods (see PI. I, fig. 4). The latter are not veinlets as we suggested m an earlier 
paper.* They are bounded by crystallographic outlines, and recall m shape and m pro- 
portions as well as in transverse fractures the skeletal olivines described and figured by Professor 
J. D. Dana j from the basalts of Manna Loa and Kilauea. They are, however, very much 
larger. They are comparable in size with the fayalites of certain fayalite-magnetite slags 
described by Professor J. H. L. Yogt^ which vary in length from 1-5 to 2 cm. and in breadth 
from 0-5 to 1 mm. They have the rod-like habit of the specimens from the Hawaiian islands 
rather than the tabular habit of the fayalite of the slags. Not unfrequently the chloro- 
phieitisation of the fayalites has been accompanied by a sporadic development of pale brown 
hornblende, which occurs sometimes fringing the pseudomorphs, sometimes as euhedral 
crystals enclosed in the chlorophseite. A similar late growth of euhedral brown hornblende 
is seen also in the large amoeboid patches as well as in the interstitial chlorophseite. The 
chlorophieite is accompanied sometimes by a fair amount of quartz. Six-sided scales of 
haematite and skeletal plates of the same mineral are found, though not so abundantly as in 
the tholeiites. Apatite is a constant constituent and is often in great abundance. Like all 
the minerals of the mesostasis, except orthoclase and quartz, it shows a strong tendency to 
take the form of skeletal crystals. 


Basalts. 

The basaltic modifications occur in two positions — near the base and near the top of the 
sill. They are distinguished by their finer-grained texture and by the presence of numerous 
cognate xenoliths derived from the earlier doleritie and tholeiitic types (see PL II, fig. 2). 
They are noteworthy also in that they carry much more unaltered fayalite than the coarser 
varieties of rock. 

The larger constituents include isolated crystals of pale brown augite, zoned andesines, 
averaging about 0-7 to 0-8 mm. in length, and crystals of titaniferous magnetite. For the 
most part, however, the above minerals, together with fayalite, are grouped as glomero- 
porphyritic aggregates which are of the nature of cognate xenoliths. The augite, which has 
the usual marginal inclusions of magnetite, is in subophitic relation to the felspar, and the 
bending of the augite crystals is very pronounced. The andesines often show corroded 
margins where they are in contact with the groundmass. The fayalite, which is largely 
replaced by chlorophseite, is often moulded on, very rarely is it partly enclosed in, the outer 

* Min. Mag., vol. xx, 1825, p. 436. 

■ f (JkomcMristics of Volcanoes* 1890, pp. 324-326. 

| ** Ubor (lb Mirieralbildung in SillkatiiehEieMdsungen/* Videmkabs-SeJskabets Shrifter. I. Math.-naturv . Klasse 1903, 
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margins of the augite crystals. It is sometimes euhedral, sometimes rounded. The average 
longest diameter of the fayalite is about 0-4 mm. The smallness of the unaltered patches 
of the olivines (although they are larger than in the tholeiites and dolerites) presents difficulties 
in the way of satisfactory determination of their optical properties (see PI. II, fig. 6). The 
maximum double refraction, as determined by a Berek compensator, is 0-049. A determina- 
tion of the refractive index by the immersion method, in which we were assisted by 
Mr D. Balsillie of the Eoyal Scottish Museum, gave a value for j8 of 1-77. The axial angle 
is fairly large. The data point to the olivine being a variety exceptionally rich in iron, and the 
term “fayalite” has been used throughout the paper to denote such olivines. 

The groundmass of the basalts consists of oligoclase, orthoclase, augite, fayalite, iron ores, 
chlorophseite, and apatite, with sometimes a little glass. Most of the felspar is in the form of 
laths of oligoclase. A gradation is met with from the phenocrystie felspars with lengths of 
0-7 to 0-8 mm. downwards, but the majority of the groundmass felspars average 0-2 to 0-3 mm. 
in length in the lower basalts and 0-4 mm. in the upper. The augite is granular, the diameter 
of the grains ranging from 0-05 to 0-1 mm. in rocks of varying texture. A feature of the 
basalts is the somewhat variable but often abundant development of small, frequently 
unaltered, fayalites in the groundmass. These are often euhedral and range up to 0-1 mm. in 
length. Here also, as in the coarse-grained rocks, there is much magnetite and apatite of 
late crystallisation. The above minerals are associated with minute interstitial patches, 
sometimes of orthoclase, sometimes of green chloroplneite, the two types occurring together 
in the same slice. Occasionally the oligoclases of the groundmass show a rude fluxional 
arrangement. A distinctive feature of the basalts, particularly of those of the upper zone, 
is the relatively large content of pale brown amphibole of late origin and usually associated 
with patches of chlorophseite. Interstitial quartz occurs sporadically, but never in large 
amount, and one slice from the upper zone was exceptional in carrying very fine graphic 
intergrowths of quartz and felspar. 

(6) Belated Intrusions. 

The specimens sliced from the larger intrusion at Kirknewton are all tholeiites, those from 
Hallcraigs being identical with the coarse chlorophseite-rich tholeiites at Ravelrig, while 
elsewhere the rocks in composition and texture are comparable with the normal tholeiites 
described above. Prom the Overton mass have been obtained both the normal and the coarse- 
grained tholeiites (see PL II, fig. 5) and also basalts similar to those of the upper zone at 
Dalmahoy. Specimens from different parts of the large intrusion at Seims are all comparable 
with the dolerites of Dalmahoy, but many of them are highly altered. The rocks at Red Craig 
are so decomposed that comparison with other rocks is difficult, but in all probability they were 
originally tholeiites of the Dalmahoy type. 

(c) Distinctive Mineralogical and Chemical Characters op the Tholeiites, 
Basalts, and Dolerites op Dalmahoy Type. 

When compared with other basic intrusions associated with the Carboniferous strata 
of the Edinburgh district, the suite of rocks just described presents certain rather distinctive 
features. One notes, for example, the moderately basic character of the plagioclase, the 
iron-rich nature of the olivine, together with its occurrence along with primary quartz, and the 
remarkable abundance of chlorophseite. The order of crystallisation of the minerals is also 
noteworthy. As in the case of the basalts from Franz Josef Land described by Newton j 
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as led to “the formation of a mother-liquor poor in silica and alumina and rich 
e may add, in water. In all the varieties of our rocks the first mineral to 
ilagioclase (acid labradorite or basic andesine), followed by augite. In the 
:ite-pegmatites there was a period of simultaneous crystallisation of andesine 
■ly towards the end of the period of augite growth does the magnetite make 
ace. The last of the early constituents to crystallise was fayalite. The late 
: iron is seen again in the unusual abundance of magnetite and haematite in 
>f the tholeiites and dolerites, of those accompanied by skeletal fayalites in 
matites, and of fayalite in the groundmass of the basalts. But perhaps the 
ridence of the late concentration is seen in the chlorophseite, which, in our 
its the final highly differentiated aqueous mother-liquor of the rocks and which 
fcion shown in analysis E of Table I. We would emphasise here the fact that 
3 does not represent palagonitised or ehlorophseitised glassy mesostasis, nor 
red from the augites.f There is always a sharp boundary between glass and 
id usually the same slice shows numerous areas which are completely glassy 
irs which consist entirely of chlorophagite. The augite of the fresh rocks 
y evidence of alteration. In the few cases when it does it is replaced, not by 
t by ( ?) bowlingite. We regard the chlorophseite as a primary constituent, 
s mode of occurrence with the analcite of the teschenites. A primary origin 
I by 0 . 0 . Baklund % (H. G. Backlund) for a colloidal chloritic substance, 
7 resembles hullite, occurring in amygdules and in the mesostasis of a basalt 
d by S. I. Tomkeieff § for chlorites in certain basaltic Carboniferous rocks 
Some of the chlorophseitfe of the Dalmahoy rocks replaces fayalite. In all 
is also a primary occurrence, the fayalite having been hydrated during the 
Edification of the rock. 

which witness to the great concentration of water during the last stages of 
3 the abundance of haematite in the mesostasis of most of the rocks, and the 
on of brown hornblende, particularly in the upper basalt zone. The same 
accounts for the rapid crystallisation in the mesostasis of the dolerite-peg- 
ited by the pronounced skeletal-growth forms of most of the constituents, 
al characters of the rocks are given in the first three analyses in Table I. 
a typical tholeiite from Bavelrig Quarry (I) we owe to the kindness of Mr 
v.y. It is remarkably similar to the analysis of a dolerite from Dalmahoy (II) 
.Ison and Rf.id,|| and these two analyses may be taken as representative of 
. of the rocks of the Ravelrig-Dalmahoy-Kaimes intrusion. Analysis III, 
ic modification with some cognate xenoliths, departs from the normal com- 
ing unusually high alumina. On comparing the analyses with those of other 
-©rites, one notes particularly the low magnesia and lime, the high total 
fresh rocks, the unusually high percentage of water. Their nearest equi- 
boniferous igneous rocks are the mugearitic lavas such as (C) and (D) of 
earitic character of the intrusions is also well seen if they are compared 
mugearites of Canna and Rum, (A) and (B) of Table I, described by 

vol. iiii, 1897, p. 487. 

‘ Palagonite-bearing Dolerite from Nagpur,” Sec. Geol. Surv., India, vol. lviii, 1925, p. 342 ; and 
tic Lavas penetrated by the deep boring lor Coal at Bhueawal, Bombay Presidency,” ibid., p 133. 
—etack tundra,” Trav. Music GM. Pierre le Grand, Acad. Sci. St Petersburg, vol. iv, 1911, pp. 75-97. 
pp» 7S-82, 

Analyses of Igneous Rocks, Geol. Surv., Prof. Paper, 99 , 1917 
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Dr Harker * in “The Geology of the Small Isles of Inverness-shire.” It may be observed 
also that the analyses of the Ravelrig and Dalmahoy rocks correspond well with the mugearite 
magma-type in the variation-diagram for the Tertiary alkaline magma-series of Mull.f 
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I. 

II. 

III. 

A. 

B. 

c. 

D. 

E. 

SiO, 

52-90 

51*37 

52*60 

49*92 

50*70 

50*06 

50*24 

32*95 

TiO, 

2-35 

3*09 

1*70 

2*04 

1*89 

2*46 

3*09 

0*62 

A1 2 0 3 

13*02 

13*27 

16*32 

12*83 

14*60 

15*72 

15*01 

5*40 

Cr 2 0 s 




trace 

n.d. 




v 2 o 3 




0*04 

n.d. 




Fe 2 0 3 

6-62 

5*12 

5*34 

6*96 

5*23 

3*94 

8*94 

12*37 

FeO 

6-31 

7-59 

6*12 

6*21 

7*68 

7*63 

6*46 

9*18 

Mn 0 


trace 

0*34 

0*52 

0*42 

0-30 


0*33 

(Co,Ni)0 


0*02 


0*03 

tr. Ni 

0*03 



MgO 

2-86 

2*83 

3*61 

3*78 

4-15 

3*82 

3*16 

4*75 

CaO 

6-37 

6*83 

6*39 

7*25 

7*20 

5*90 

5*61 

3*05 

SrO 


0*02 1 


trace 

trace 


. . 


BaO 


0*26 


0*09 

0*08 

0*03 


* . 

Na a O 

3-51 

3*58 

3*10 

3*72 

3*71 

4*55 

3*47 

1*68 

k 2 o 

2*00 

1*85 

1*55 

1*73 

1*33 

2*16 

1*91 

0*36 

Li,0 




trace 

trace ? 

nt. fd. 

. • 


H 2 0+105 o 

H.O at 105° 

j- 3-73 

2*28^ 

1*32 

0*90 

1*05 

3*58 

1*15 

2*08 

1*36 

0*67 

1*77 

1*05 

5*20 

23*90 

> 2 o 5 

0-90 

0*43 

0*64 

0*45 

0*49 

0*64 


, , 

C0 2 


1*80 

nil 



1*08 


. . 

Cl 


0*03 




0*04 



S' 


trace 


trace ? 





FeS'., 






nt. fd. 

•• 



100*57 

100*37 

99*93 

100*20 

100*71 

100*39 

100*71 

99*79 


I. Tholeiite, Ravelrig Quarry. Anal. T. Cuthbert Day. 

II. Dolerite, Dalmahoy Hill. Anal. Harrison and Reid. Quoted from Chemical Analyses of Itjneous 
Rocks , by H. S. Washington, 1917, p. 888. 

III. Basalt, Dalmahoy Hill. Anal. W. H. Herdsman. 

A. Doleritic mugearite, Eilean a 5 Bhaird, Canna. Anal. W. Pollard. Quoted from “ Geology of the 

Small Isles of Inverness-shire, 55 Mem . Geol. Sur ., by A. Harker, 1908, p. 130. 

B. Doleritic mugearite, Pass S. of Fionn-Chro, Rum. Anal. E. G. Radley. Quoted from £C Geology of 

the Small Isles of Inverness-shire,” Mem, Geol, Sur,, by A. Harker, 1908, p. 130. 

C. Basaltic mugearite, Fintry Hills. Anal. E. G. Radley. Quoted from fi< Geology of the Glasgow 

District, 55 Mem. Geol. Sur., 1925, p. 182. 

D. Mugearite, Creag a 5 Mhara, S. Bute. Anal. J. V. Harrison. Quoted from W. R. Smellie, Trans . 

Geol. Soc. Glasg., vol. xv, part iii, 1916, p. 359. 

E. Chlorophasite, Ravelrig Quarry. Anal. W. PI. Herdsman. Quoted from R. Campbell and W. J. 

Lunn, Min. Mag., vol. xx, 1925, p. 438. 

(d) The Segregation Veins. 

Segregation veins are found in association with all the textural modifications of the 
mugearitic intrusions, but occur in unusual abundance (see PI. I, fig. 1) in the tholeiites, where 
the smaller veinlets can sometimes be demonstrated to be continuous with the larger patches 
of intersertal mesostasis. In mineral composition they are closely related to the mesostatic 
parts of the parent rocks. They consist mainly of alhite-oligoclase, orthoclase, quartz, and 

* Op. eit., Mem. Geol. Sun., 1908, pp. 130-131. : 

t “ Tertiary and Post-Tertiary Geology of Mull,” ibid., 1924, p. 26. 
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ehlorophaite. Needle-like crystals of brown augite, granules and bars of magnetite, hexa- 
gonal plates of haematite and apatite are present in varying amounts. The veins show a 
fairly wide range of texture. In examples of coarser-grained veins the larger felspars (alhite- 
oligoclase) may average 0‘7 mm. in length; in the finer veins, which are much more numerous, 
the average length of the large felspar laths is about 0-2 mm. There is a distinct tendency 
for the degree of coarseness of the veins to vary with the coarseness of the associated parent 
rock. Quartz, occurring in micropoikilitic relation to the felspar, is abundant in the coarser 
veins and seldom seen in the finer veins, being concealed probably in the microfelsitic 
material of the latter. All the veins carry interstitial chloropheeite, and this mineral also 
occurs as larger patches in which microspherulitic structure is a common feature, felspar 
laths sometimes acting as nuclei for the spherulites. Euhedral quartzes are occasionally 
enclosed in the chlorophseite, and veinlets proceeding from larger areas of the latter mineral 
traverse the quartz of the micropoikilitic quartz-felspar association, showing that some at 
least of the quartz is earlier than the chlorophseite. Exceptionally there is a good fluxional 
arrangement of the felspars. Vesicular structure is of infrequent occurrence, the vesicles 
being infilled with chlorophseite, sometimes with a central patch of carbonates. 


Table II. 



I. 

A. 

B. 

SiO, 

Ti0 2 

65*46 

69*57 

66*27 

0*48 

0*65 

0*87 

AlgOg 

11*90 

13*03 

11*92 


5*09 

0*98 

3*09 

EeO 

2*96 

3*59 

3*18 

MnO 

n.d. 

n.d. 

0*31 

(Co,Ni)0 

n.d. 

n.d. 

nt. fd. 

MgO 

1*27 

1*06 

1*44 

CaO 

1*67 

1*56 

3*30 

BaO 

n.d. 

n.d. 

nt. fd. 

Na a O 

3*95 

4*57 

2*89 

k 2 o 

4*39 

2*37 

4*03 

Li 2 0 

n.d. 

n.d. 

trace. 

H 2 0+105° \ 

H,0 at 105° J 

3*24 

2*04 

/ 1*51 

\ 0*78 

" P.O, 

0*22 

0*47 

0*17 

CO, 

n.d. 

0*70 

0*53 

FeS 2 

n.d. 

n.d. 

nt. fd. 


100*63 

100*59 

100*29 


I. “ Segregation Vein ” in Tholeiite, Eavelrig Quarry. Anal. T. Outhbert Day. 

A. “ Segregation Vein ” in Quartz- dolerite, North Queensferry. Anal. T. Outhbert 

Day. Trans. Edin. Geol. Soc., vol. xii, 1927. 

B. Craigmirite (acid), Allt an Dubb-choire, Mull. Anal. E. 0. Radley. “ Tertiary 

and Post-Tertiary Geology of Mull,” Mem . Geol. Sur 1924, p. 19. 

The chemical composition of a typical segregation vein, kindly analysed for us by 
Mr T. Outhbert Day, is given in Table II. Compared with the segregation veins of quartz 
dolerites the veins of the Dalmahoy complex are poorer in silica, much richer in alkalies, 
particularly in potash* and notably richer in iron oxides. The more alkaline character is in 
keeping with the mugearitic affinities of the parent rocks, and the high content of iron oxides 
gives further evidence of the late concentration of iron. The veins in some respects, both 
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mineralogieally and texturally, recall the acid craignurites * of Mull, but, as will be seen from 
the analyses in Table II, they are poorer in lime and richer in iron oxides and alkalies. Sir 
John F. Flett 7 has shown that the segregation veins of the quartz dolerites and tesehenites 
have mineralogical peculiarities which indicate that they have come from the same magmas 
as the rocks which they intersect. The evidence for co-magmatic origin is equally clear in 
the case of the mugearitic intrusions and their segregation veins. Not only are the latter 
different from the segregation veins of the quartz dolerites and tesehenites in their detailed 
mineralogical and chemical character, their dull black colour gives a ready means of dis- 
tinguishing them in the field. 

B. Dolerites of Auchinoon Type. 

The rocks of the Auchinoon and Camilty intrusions and the specimens from the thick 
sill revealed by the deep bore near Halfway House are all dolerites. They are for the most 
part coarse-grained, the felspars of the Auchinoon rocks attaining a maximum length of 4 mm. 
Not infrequently they are highly vesicular. They are markedly ophitic (see PI. II, fig. 1), 
and felspathic mesostasis is in small amount or entirely absent. Only locally, as at Eae Burn, 
where the augites sometimes tend to be columnar in habit and where the rock contains a fair 
amount of felspathic mesostasis, do we find rocks approaching the Dalmahoy dolerites in 
texture. 

The augite is pale brown in colour and sometimes shows basal lamination; the only 
inclusions are fluid cavities, and the mineral rarely shows any trace of decomposition. The 
felspar in most of the slices is highly albitised, a feature which has not been noted in rocks 
of the Dalmahoy type. No fresh olivine has been observed, but chlorophseite and chlorite 
occur in occasional pseudomorphs after that mineral. Large skeletal plates of titaniferous 
magnetite of late crystallisation are of frequent occurrence, and apatite is a common accessory. 
All the slices are rich in intersertal amoeboid patches of green and brown ehlorophseite and 
colloform chlorites, and the same minerals occur everywhere interstitially. In the larger 
patches there is often a central area of scaly pleochroie delessite. The vesicles are circular in 
section, often bounded by tangential felspar laths, and are infilled usually with chlorite — rarely 
the centre of a vesicle is occupied by carbonates. The chlorophseite and chlorites, as in the 
case of the rocks of Dalmahoy type, are regarded as products of the primary consolidation 
of the dolerites. The tachylyte selvage of the Camilty sill shows an incipient development 
of variolitic structure. 

An analysis of the Auchinoon dolerite by Mr T. Cuthbert Day is quoted in Table III. 
Comparing it with the analysis of the typical mugearitic tholeiite of Ravelrig we find that it 
has lower silica, much higher magnesia, and a much more marked preponderance of soda 
over potash. The high soda of the Auchinoon rock corresponds with the albitised character 
of its felspars, and the low potash may be accounted for by the paucity of the felspathic meso- 
stasis which carries the orthoclase of the Ravelrig and Dalmahoy rocks. The higher magnesia 
of the Auchinoon dolerite finds mineralogical expression in the very large development of 
chlorites accompanying the chlorophseite and in a somewhat larger proportion of augite. 
Although dissimilar in mineralogical characters, the Auchinoon rock has striking chemical 
affinities with the dolerite of the Lochend sill (Analysis II, Table III), regarded by Sir John 
S. Flett % as nearly related to the essexites. 

* “ Tertiary and Post-Tertiary Geology of Mull,” Mem. Oeol. Surv., 1924, p. 19. 
f “ The Neighbourhood of Edinburgh,” ibid., 1910, pp. 298 and 307. 
t Ibid., 1910, pp. 292-3. 
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Table III. 


Fe„0 3 

FeO 

MnO 

(Co,Ni)0 

MgO 

CaO 

SrO 

BaO 

Na,0 

KoO 


H 2 0 at 105° 


48-63 
2-04 
15-03 
0-51 
9-55 
0-20 
nt. fd. 
6-34 
5-95 
n. d. 
0*04 
5*32 
056 
trace 
3-16 
0-93 
0-34 
M2 
0-44 


100-85 


100-16 


100-57 


A Dolerite, Auchinoon. Anal. T. Cuthbert Day. Quoted from T. C. Day, Tia . 

Edin. Geol. Soe., vol. xi, part ii, 1923, p. 129. 

B. Essexite, Lochend, near Edinburgh Anal E. G Radley Quoted fro 

“ Geology of Neighbourhood of Edinburgh, Mem. Geol. Sur., 1910, p. 293. 

C. Tholeiite, Ravelrig Quarry. Anal. T. Cuthbert Day. 

V. The Age of the Intrusions. 

The Dalmahoy complex and the allied sills have all been intruded at or near the base 
ae Cementstone Group (see map, fig. 1). The dolerites of Auchinoon type occur a short 
ance above the Corston Hill lava zone— that is, near the base of the Lower Off-Shale Group , 
essexites of the Lochend and Hawkhill sills, it may be noted, occupy a similar position 
ive to the lavas of the Arthur’s Seat volcano. The Seims and Kirknewton sdls are 
dated by the Murieston fault, showing that the intrusions are older than the Permo- 
us movements. There can, therefore, be no doubt that this suite of cognate 
ns is of Carboniferous age. Two further facts, however, lead us to regard them as 
a very early stage of the Carboniferous : (a) they occur along the strike of the belt 
earitic lavas with which they have obvious affinities; (b) investigation has shown 
nilar rock types do not occur in any of the numerous intrusions north of the Murieston 
here the associated strata belong to higher horizons in the Carboniferous system. We 
mugearitic and essexitic intrusions of the Dalmahoy syncline as hypabyssa 
of the magma which gave rise to the accompanying effusive mugearites and allied 
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EXPLANATION OF PLATES. 

Plate I. 

Fig. 1 . Segregation veins in columnar tholeiite at Eavelrig Quarry. 

Fig. 2. Dolerite-pegmatite , Ravelrig Quarry. The black bars are chlorophseite replacing skeletal fayalites. 
Reflected light, x 4J. 

Fig. 3. Tholeiite of Dalmahoy Type. Ravelrig Quarry. The larger black areas are all clilorophseite, partly 
replacing fayalite, but chiefly in irregular patches. Intersertal glassy mesostasis is abundant. Other constituents 
are andesine, augite, and titano magnetite. Ordinary light, x 9 diameters. 

Fig. 4. Dolerite-pegmatite. Ravelrig Quarry. The narrow lath-like bodies crossing diagonally from the top 
right-hand corner are chlorophseite pseudomorphs after skeletal fayalite. Note also skeletal bars of titanomagnetite 
arranged normal to the fayalite pseudomorphs. Ordinary light, x 9 diameters. 

Fig. 5. j Dolerite-pegmatite. Ravelrig Quarry. Shows euhedral pseudomorphs of chlorophseite after fayalite 
in the mesostasis of the rock, and large crystals of andesine bordered by oligociase. Ordinary light, x 20 diameters. 

Fig. 6 . Dolerite-pegmatite. Ravelrig Quarry. Shows mode of occurrence of most of the augite, namely, in 
graphic intergrowth with andesine. Ordinary light, x 20 diameters. 


Plate II. 



Fig. 1 . Dolerite of Auchinoon Type. Camilty Sill. Shows the characteristic ophitic relation of augite and plagio- 
clase. The dark intersertal material is partly chlorophseite, partly colloform chlorites. Ordinary light. X 20 
diameters. 

Fig. 2. Basalt of Dalmahoy Type. Small quarry at west end of Dalmahoy Hill. In the centre is a cognate xenolith 
consisting of augite, chloropheeite after fayalite, andesine, and titanomagnetite. The basaltic matrix contains 
numerous small fayalites, partly replaced by clilorophseite. Ordinary light, x 20 diameters. 

Fig. 3. Tholeiite of Dalmahoy Type. Ravelrig Quarry. Coarse-grained variety. The black areas are eklo.ro- 
phseite, sharply separated from the associated intersertal glassy mesostasis. Ordinary light, x 20 diameters. 

Fig. 4. Dolerite of Dalmahoy Type. Ravelrig Quarry. The large black patches are all clilorophseite. The 
mesostasis is crystalline. Ordinary light, x 20 diameters. 

Fig. 5. Tholeiite of Dalmahoy Type. Overton, near Kirknewton. A rather coarse-grained variety. Shows 
the characteristic glassy mesostasis with associated chlorophaeite and rods of titanomagnetite. The tendency to 
euhedrism of the augites is also characteristic. Ordinary light, x 25 diameters. 

Fig. 6. Basalt of Dalmahoy Type. Dalmahoy Hill. A cognate xenolith occupies most of the field. The dark 
areas are clilorophseite replacing fayalite. The clear patches in some of the pseudomorphs are unaltered fayalite. 
Ordinary light, x 30 diameters. 
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I. Introduction. 

The present investigation was undertaken to throw some light upon the nature and mode 
of action of the peripheral nervous mechanism of the uterus. 

Previous work has demonstrated that the organ, like other viscera, has an autonomic 
action. That the uterus and vagina can function independently of the central nervous system 
has been shown both clinically and experimentally by Sir J. Y. Simpson (1), Goltz (2), Rie- 
mann (8), Rein (4), Kabierske and Heidenhain (5), Masius (6), and Kurdinowsky (7). 

The nervous mechanism of the uterus may be divided into a central and a peripheral part. 

A. Central Part. 

The existence of a centre in the lumbar region was shown by experiments of Valentin, Brachet, 
Longet, and Budge (9). The fibres destined for the uterus and vagina pass chiefly by way of the 
splanchnic nerves in the region of the 4th, 5th, and 6th lumbar ganglia (Langley and Anderson 
(8) and (10)). Some preganglionic nerve-fibres form cell-stations in the inferior mesenteric ganglia, 
others, passing down the aortic plexus into one or other of the two hypogastric nerves, run to more 
peripheral nerve-cells ; occasionally all pass on to these nerve-cells. The hypogastric plexus from 
which fibres pass to the rectum, internal genital organs, and bladder receives branches from the 3rd 
and 4th sacral (Langley and Anderson (8), (10), and (11)). Gaskell (15) considered that both 
motor and inhibitory fibres for the musculature of the uterus arise from nerve-cells belonging to the 
lumbar outflow, there being no evidence that they are connected with the pelvic nerve (Langley and 
Anderson (10), Dale and Laidlaw (14)). 

B. Peripheral Part. 

It is with the peripheral part of the nervous mechanism of the uterus that the present 
investigation is concerned. 

In all viscera this is formed by the emigration of neuroblasts from the embryonic spinal 
cord, and these remain in synaptic connection with augmentor and inhibitor neurons in the 
cord. Onodi (48), Kuntz (49), and Abel (50). 

* In aid of above research grants were obtained from the Carnegie Trustees and from the Medical Research Council, and 
are gratefully acknowledged. 
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„ Thp position and relations of the peripheral cell-stations 

(1) Cervical Plexus or Ganglion.- The position 

and their morphology are imperfectly of aa nglionic cells in the hypogastric 

Langley and Anderson (16) describe m the g P dorso -lateral border of the vagina, 
nerve near the cervix, and Holste (17) found groups 

From these they find a ganglionated _ pie } ^ ° { tte ° ervix in the guinea-pig. 

of ganglionic cells in the connective n 9 \ i n 1865, are reported by Labhardt to have dis- 

Korner (18) as early as 1863, and Nolle ^ tle connective tissue around the upper half of the 
covered in the human (22), Hashimoto (23), and Jung (24) all described 

riir g rc n eS Ce ganghon lateral to the whereas Rec enSy 

a tol g “ glion ■* the 

level of the cervix. ... n , 

(2) Intramuscular Nerves .- According to Labhardt ( 20 )>KraAN^27) (18o 
to demonstrate nerves within the uterine wall of lower animals • • 

Frankenhauser (22) traced single ne ^ e '^ r ®® e t 'sheep, Tnd°dog ^Golgi’s method), described the 
working on the human subject, the gumea-p g, v, un( p es dividing into very fine fascicles 

nerves 'within the mutele of the uterus “SI “and Coe tending out vertically into the 
under the mucous membrane running parnlleno Labbabdt (20) and Mabuchi (26), however, 

mucous membrane very fine branch, wbrch end X uterus 
failed to detect any nerve elements in the mucous m 

The mode of ending of the nerve-fibres in the muscular coat is still unknown. 

KSstlix (29) described minute fibrils ending feee or mtoobsmthe rabbit (^described 

to allow each muscle-cell to be supplied by one nerve r 

Opinion is divided on the question of the existence of nerve-oells on the nerves within the 



i), Schenk ( 69 ), ana xi ■ V h kostlin (291 Hoogkamer (42), Spiegelberg (43), 

TOfc nature wi It proved, as their 
Sk™rv“ fibre” Slrmade clear, KrnmB (45) (CajaTs method) reporte the .presence 
Siotec teUs withiu the uterine wall of the oat and guinea-prg- S. Ooata (46) faded m the 
Ld the ganglionic cells described by Bbill (47) (Cajal s method). 

hysiology of the peripheral ganglia of other organs is important. 

«rnrk has been done upon the physiology of the great myenteric plexus in the walls of the 
canal Sayuss and Starihng (51), Magnus (52), Cannon (53)) and its importance m the 
control of the movements of the digestive canal is recognised. It is something more than 

-station on the efferent visceral nerves. # _ 

lexuses in the heart wall are generally regarded as mere cell-stations on the mhibitoryfibres 
as. But the results obtained by Letters (54) m this laboratory strongly suggest that they 
3t in the frog, have an autonomic action in controlling the rate of the heart. 

■ork of Sokowin (55) on the influence of the inferior mesenteric ganglia on contractions ot tne 
iggests that a peripheral reflex mechanism may exist there, and the possibility ot a true 
lag cannot be ignored, even although the work of Langley and Anderson (16) (1894) 
the conclusion that this is probably an antedromal effect. . , , n 

TO rk of %M mm and Auer (56), and Githbns (57) on the iris in the cat and rabbit points to 
.rvm nainnnfll . fflinn hmnc? more, than a mere cell-station. The presence of a marked dilata- 
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tion with adrenaline only after denervation, Anderson (58) and Elliott (59) attribute to an increase 
of excitability of the contractile tissue. Pollock (60), working in this laboratory, found that the 
mydriasis produced by hypophysin was increased by decentralisation and still more by deganglionation 
of the dilator pupillse. 

Little is known about the function of the peripheral nervous mechanism of the uterus. 

Kostlin (29), Labhardt (20), and Mabuchi (26) agree that sufficient nerve-fibrils do not exist 
to allow each muscle-cell to be supplied by one nerve-fibre. They conclude that stimulation must pass 
directly from muscle-cell to muscle-cell as in the ureter (Engelmann (64)). More recently Knaus 
and Clark (129), by pharmacological methods, have brought evidence to show that the wave of 
contraction is conducted partly or entirely through the muscle-cells in the rat’s uterus. 

The terminal neurons may be of the nature of the common efferent path of the outgoing 
neurons to skeletal muscle (fig. 1, A), functioning differently according to the nature of the 


ABC 

Fig. 1 . — To show the three possible forms of the terminal neurones. A, the common efferent path ; B, separate augmentor ( + ) and 
inhibitor ( — ) efferent paths acting upon a common receptor substance, r; and C, separate augmentor (+) and inhibitor ( — ) paths, 
each acting upon a special receptor substance, s, cell station ; n, nerve-ending ; r, receptor substance ; c, contractile substance ; 
+, augmentor; and — , inhibitor nerve-fibres in the hypogastric nerve. 




impulse reaching them, or they may be of two lands, one augmentor and one inhibitory, 
each having independent endings in the muscle-fibres either acting upon a common receptor 
substance (fig. 1, B) or each provided with a special receptor substance (fig. 1, C) between 
the nerve-ending and the contractile substance. 

It has been very generally accepted that on the course of the visceral fibres there is 
only one synaptic interruption or cell-station. The evidence for this is by no means 
conclusive, and in one of his most recent papers Langley (65) admitted that more than 
one cell-station may exist on the nerves of the intestine. Thus there may be a cell- 
station in the inferior mesenteric ganglion and another in the cervical ganglion or intra- 
muscular ganglionic structures, if such exist. 

II. Present Investigation. 

The present work is an investigation of the function of the peripheral nervous mechanism 
of the uterus by the use of anatomical, physiological, and pharmacological methods. 

A. Anatomical Investigation. 

While Langley and Anderson (16) gave a detailed description of the nerves of the 
pelvis of the cat and the rabbit, so far the arrangement of these in the rat, guinea-pig, and 
mouse have not been investigated. 
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In a g , , and 8 the eornse of the inferior — rie plexus and the hypogastne ner.ee 

" i;«alrn^pTdietally in close relationship to the ureter and then towards 

the uterine wall along with the uterine a ^ e *7‘ , 0 { the hypogastric plexus of the 

In fig. 4 is shown a dissection o the branches Histological exami _ 

guinea-pig and its connections with confirmed the fact that these strands con- 

tain nerve-fibres. 

Complete serial sections of the genital tract of 
the rat, guinea-pig, and mouse were prepared to 
locate the positions of the penphera ganglionic 
cells in or near the uterus. The vertebral column 
and pelvic hones were dissected out, and the pelvic 
contents embedded in paraffin. In the rat serial 
longitudinal, and in guinea-pig and mouse seria 
transverse, sections were then prepared, each 

microns thick. . , 

A few sections were in each series stained with 

haemotoxylin and eosin, and the remainder were 
prepared by a modification of the methyi-green- 
pyronin method used by Hyentschak (66). With 
this special stain the best results were obtained when 

the staining in methyl-green-pyromn was continue 

between two and three hours at 3/ C. No better 
results were obtained by increasing the proportion 
of pyronin from 0-3 per cent, to 0-6 per cen . e 
sections were very rapidly dehydrated, and c eare 
in acetone, absolute alcohol, and xylol. This stain 
gives the protoplasm of nerve-cells a very bright red 
granular appearance, which is conspicuous besi e 
the faintly stained wall of the uterus. Each cell 
contains a light blue nucleus with a red-violet 
nucleolus. 

Nerve -fibres stain less deeply than do tne 
smooth muscle-fibres of the uterus, bladder, and 
rectum, and the cells forming the coats of the 
capUlary vessels. Bundles of iwve-fthres in cross-seotiou appear almost unstained and of 

‘ 'reconstruction Iras been made with the aid of the glass-plate method 

giving the distribution of the branches of the hypogastnc nerves and showing the positron 
of groups of nerve-cells on their course. A brief report of each is of mterest here. 

(1) Rat. 

The Cervical Camlion.—ln a new-born rat ganglionic tissue had been demonstrated by 
Batson in this laboratory on each side in close contact with the muscle of the lower part 

(\:;ot the cervix (fig. 5). 



Fig. 2.— Dissection of aortic, inferior mesenteric nerve 
plexuses, and hypogastric nerves, HN, m the rat. 
B, bladder; B, descending aorta; CV, inferior vena 
cava; HU, uterine horn; IM, inferior mesenteric 
artery; OA, ovarian artery; R, intestine; UA, 
^uterine ■ artery ;■ Ur, ureter ; V, vagina ; VA, vesical 
: artery 
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The reconstruction (fig. 6) shows that in the adult rat a large cervical ganglion is present 
surrounding one of the main branches of the uterine artery, and lying within 0*2 mm. (in this 
rat) from the lateral wall of the cervix. Besides this large ganglion, scattered groups of cells 
occur on those portions of the branches of the hypogastric plexus opposite the vagina and 
the part of the uterus distal to the separation of the two horns. 

Intramuscular Nerve - Cells . — Portions of uterine wall were stained by the intravital 
methylene-blue method, but no nerve-cells were found. No cells having the typical stain 
and morphology of the nerve-cells in the cervical ganglion were found within the uterine 
muscle, although haematoxylin and eosin, the methyl-green-pyronin, and several modifica- 



Fig. 7. — Foetal guinea-pig (60 days). Diagram of reconstruction (sections 1449-1595) as seen from the cranial aspect. Showing ci, 
common iliac artery ; ei, external iliac artery ; yA, position of nerve-cells ; hn, hypogastric nerve ; hu, uterine horn ; ii, internal 
iliac artery ; via, anterior division internal iliac artery ; r 9 rectum ; ra, artery to rectum ; ua 9 uterine artery ; un , uterine nerve ; 
and w 9 ureter. 

tions of Nissl staining were employed. In each case the staining was controlled by simul- 
taneous staining of sections of the intestine of the rat. In these control sections nerve-cells 
were clearly shown in the intestinal wall. 

(2) Guinea-pig. 

Cervical Ganglion .— Attempts were made to locate the position of the peripheral nerve- 
cells on the branches of the hypogastric plexus outside the uterine wall in the adult guinea- 
pig. It was found impracticable to prepare serial sections of a block large enough to include 
the relatively large uterus and sufficient width of the broad ligament to include the cervical 
ganglion. For the reconstructions (figs. 7, 8, 9, and 10), therefore, a female foetal guinea-pig 
of about 60 days’ development was used. The 2410 transverse sections are numbered from 
the vagina proximally. 

On the hypogastric nerve ganglionic cells are scattered, but are most numerous on that 
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, , „ . , . ,• + 1 , „ Vmrrm From this latter part arise the gang- 

part distal to the level oi the junctio • , - n t j ie ra + n0 ganglionic 

—pposite part of the uterus proximal to 

the level of the junction of the horns. t0 the ut erine 

tLa pprvical ganglion is less circumscribed than m tne rat, anu 



0*5 mm. 


Wm ft —-Foetal guinea-pig (60 days). Diagram of reconstruction (sections 1252-1449) as seen from the cranial aspect. Showing , 
r Madder a A position^)! nerve-cells ; hn, hypogastric nerve ; ii, internal iliac artery ; iia , anterior division internal iliac artery ; 
r rectum ; ra, artery to rectum ; m, nerve to rectum ; u, uterus ; m, uterine nerve ; and nr, ureter. 

extent projecting them on to the topmost of the series of sections, a graphical reconstruction 
(fig. 10) was also made. Fig. 10 shows the nerves and arteries passing to the uterus, cervix, 
and vagina. As in the other drawings, the nerve tissue is indicated by very coarse stippling, 
and the positions of nerve-cells are indicated by the presence of a small triangle. This diagram 
demonstrates the widening out of the uterus indicated by the radial shading in fig. 8. 

Intramuscular Nerve-Cells and Fibres . — In the above series of sections, in which the 
nerve-cells within the wall of the intestine and bladder were clearly shown up, with the methyl- 
green-pyronin staining, there were no similar cells seen within the uterine wall. The con- 
trast is very visible because on each slide a section is seen of the entire pelvic contents. No 
typical nerve-cells were found in three series of longitudinal sections of the uterus of new-born 
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guinea-pigs stained by haematoxylin and eosin, by Nissl’s staining, and by Cajal’s method 
respectively. 

Portions of the uterus and of the small intestine of the guinea-pig were stained simul- 
taneously by Cajal’s, and others by Bielschowsky’s method. Nerve-cells and non-medullated 
nerve-fibres were identified in the intestinal wall, but although non-medullated nerve-fibres . 
were seen in the uterine wall, no typical nerve-cells have so far been found. 



X? IG 9 Pcetal guinea-pig (60 days). Diagram of reconstruction (sections 1032-1252) as seen from the cranial aspect. Showing 6, 

bladder ; bn, nerve to bladder ; r/A, position of ncrve-cells ; r, rectum ; m, artery to rectum ; rn, nerve to rectum ; umb, umbilical 
artery ; nr, ureter ; v, vagina ; and va, vaginal artery. 

(3) Mouse. 

No dissections of the hypogastric nerves were made in the mouse, because in a mouse 
about one week old the sympathetic nerves to the uterus could be traced in transverse sections 
from the inferior mesenteric ganglia. In this series the 684 sections are numbered from the 
vaginal end proximally. Prom the aortic plexus, lying first anterior to the inferior vena cava 
and then anterior to the aorta, a ganglionated nerve plexus passes to the intestine along with 
the tortuous inferior mesenteric artery. Just distal to the bifurcation of the aorta the aortic 
plexus divides into the hypogastric nerves, which pass downwards and forwards on either 
side of the rectum. The hypogastric nerve begins to divide to form the hypogastric plexus 
TRANS. ROY. SOC. EDIK, VOL. LV, PART II (NO. 22). 80 
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1 - below the level at which the horns unite, i.e. at the same level at which the cavities 
If the homfuse to form one. These branches have nerve-cells on their course but these are 
! 1 those carts distal to a level about 0-5 cm. below the fusion of the cavities of 

the horns The nerve-cells are especially numerous lateral to the vaginal fornix. Here the 
Dlexus intertwines with the vaginal branches of the uterine artery, and sends divisions anterior 
alid posterior to the vaginal fornix (fig. 11). The anterior ganglionated strand passes mainly 



Pm 10 Foetal guinea-pig (60 days). Graphical reconstruction of the nerves and arteries to the uterus and vagina (sections 1126 

1 r m\ bn nerve to bladder; ei, common iliac artery; ei, external iliac artery; hn, hypogastric nerve; na, anterior division 
internal iliac artery ; g A, position of nerve-cells ; ra, artery to rectum ; rn, nerve to rectum ; m, uterine artery ; un, uterine nerve ; 
■ and tw, vaginal artery. 



to the bladder, but ganglionated branches also pass to the adjacent vaginal wall. On the 
branches of the anterior division ganglionic cells cease to be numerous distal to the upper 

end of the urethra. .. _ 

The posterior ganglionated division gives off branches accompanying the arteries running 
down the postero-lateral surface of the vagina. A distinct cervical ganglion is not seen in 
the mouse; instead there is a ganglionated plexus lying within *02 cm. of the vaginal fornix. 

Intramuscular N&roe-Cells . — Sections of intestine and of bladder treated along with the 
; htetW showed the presence of nerve-cells staining characteristically with either methyl- 
or Nissl’s staining, yet no definite and distinct nerve-cells were seen in the 
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uterine wall, nor in portions of the horn of a pregnant mouse almost full-time stained by 
various modifications of Cajal’s method, including that of Eanson, and also by Donaggio’s 
method. 

Bodies somewhat resembling nerve-cells were found in the uterine wall of these three 
animals. These cells showed greater affinity for the silver staining than did the surrounding 
connective tissue and muscle. Some of these cells had an irregular outline occasionally 

R 


Ua 


B 


0 5 min.. 

Fig. 11. — Mouse. Diagram of reconstruction (sections 647-785) seen from caudal aspect. Showing B, bladder ; C, cervix ; GA, position of 
nerve-cells ; HN, hypogastric nerve ; R, rectum ; UA, uterine artery ; Ua, urethra ; Ur, ureter ; V, vagina ; and VA, vesical artery. 

sufficiently marked to resemble blunt processes, and in some instances in addition to these 
processes a fibre of some length and impregnating with silver was seen. But the fact that 
they do not stain with either methyl-green-pyronin or Nissl’s staining while other ganglionic 
cells do, makes it improbable that they are nerve cells. 

B. Physiological Investigation. 

The problem is to determine the part played in the autonomic control by the cervical 
ganglion. 

In the first place, an attempt was made to study whether there is any difference in the 
action of the excised uterus with and without the ganglion. The conclusion is warranted 
that the ganglion cells continue to act in such preparations. 
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• , c worp parried out on the isolated uterus of the guinea- 

pig andt/ftetTSing TZi&^on of the apparatus of Maonus (52) and of Dale and 

tube, on the «.osed «d «f 

and having a P— ^ 0 8 per cent, K0 0-02 per cent, 

the muscle strips. The formula ot me j 0 . 01 per cent.; NaH 2 P0 4 

£& p?ce^, C ;to ( s7o“tr Iff ti^aHCO, bebig dissolved before the addition of 

fte In^each case the * was lowered to 7-4, as at this the uterus of both the rat and the 

S " in Thf IZfwafctaged by syphon action without the trssues being exposed. It was in- 
troduced from a height through a funnel, through as short a length d rubber ^tubmg as poss,He 
then through a glass tube, the cavity of winch was continuous that , ^ ^ lower 

of the bath A tube passed from the upper part of the cavity of the bath and acted as an 
overflow exit. The capacity of the bath was 80 c.c. The bath was surrounded by a water- 
bath, the temperature being regulated by heating a projecting ^ 

rubber tubing and funnel were kept when not in use in a large water-bath at 37 5 0. lhe 
apparatus was only sufficiently accurate to maintain the temperature of the bath between 

86 ’ 5 It a waffomd necessary to keep the rate of inflow of oxygen into the bath uniform, since 
if the rate suddenly increased both the tone and the amplitude of the contractions decreased 
Lovatt and Underhill (78) found that the tone of plain muscle varies with the ra e 



mirOUUOUlUII even a>x± 1 , 

When the Tyrode solution remained in contact with the uterine strips and exposed to 

the air and to the stream of oxygen, its hydrogen-ion concentration was found to change, n 
two experiments the f R had increased from 7-5 to 7-8 during intervals of 100 and 110 minu e . 
The contractions decreased in amplitude the longer the strips remained m the same Tyrode. 
No attempt was made to determine whether this was in part due to the development of some 
derivative such as Le Heux (74), Arai (75) and Magnus (76) described m the intestine, and 
Engelhard (77)— according to Magnus— and Bachman (78) in the uterus, but, to eliminate 
error arising from this change, the solutions in the bath were changed frequently. 

Material Used . — The experiments were made on the isolated uterus of the rat and gumea- 
pig. The rats weighed 104-230 grm. and the guinea-pigs 370-600 grm. The uterus of the 
mouse was too small for this work. The uterus of the rat was preferable for two reasons, 
viz. (1) because of the absence of the large spontaneous variations of tone which are a feature 
of the isolated guinea-pig’s uterus contracting in Tyrode p H =7 - 4; (2) because of the proximity 

of the cervical ganglion to the uterine wall. , 

As in each experiment the strips being compared were taken from the same animal, it 
was considered unnecessary to identify the stage in the oestrus cycle which the work of 
Blair (79), Keys (126), and Seckinger (127) have shown to modify the character and the 
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of injury being reduced by using a very fine needle and silk. The ovaries were detached 
from the strips before they were placed in position in the bath. The strips to be compared 
differed in that one was free and one attached to the cervix, carrying with it the broad ligament 
including the cervical ganglion. They are named for convenience the “ non-ganglionated ” 
and “ ganglionated ” strips respectively. A comparison was made between corresponding 
parts of opposite horns, uterine and ovarian ends of the same side and of opposite sides, and 
between the ovarian end and a strip including the uterine end of the horn and the cervix. 
The measurement of the strips was made after 
they had been overnight in cold Tyrode without 
oxygen. 

Results. 

1. Behaviour of either Horn of the Uterus: 

(a) one with, (b) one without the Ganglion. 

The contractions in certain rats gave tracings 
of pendulum-like regularity. In others smaller 
contractions were superadded to the simple waves. 

The occurrence of these small superadded contrac- 
tions differed irregularly from one animal to 
another. Their number might alter and they 
might show themselves anywhere on the curve. 

Neither their number nor their position was deter- 
mined by the presence or absence of the attach- 
ment of the cervical ganglion. 

Especially at the beginning of the experi- 
ments, variations occurred in the state of tonus 
upon which the contractions were superadded. 

The two strips differed in most experiments in 
irregularity, but although in 75 per cent, it 
was greater in the ganglionated strip, the number 
of exceptions prevented this from being attri- 
buted to the influence of the cervical ganglion. 

Some, but not all, of the experiments showed 
differences between the two strips in the rapidity 
with which the relaxation followed the con- 
traction and the rate at which the contraction 

passed off, but there was no difference between the non-ganglionated or ganglionated strip. 
The rate of contraction was greater in the non-ganglionated strip in 18 per cent., in the 
ganglionated in 56 per cent., and was equal in both in 31 per cent. 

A comparison between the rates of contraction of strips taken from opposite ends of a 
horn — both strips being unattached to the ganglion — showed that in three out of four 
experiments the rate of contraction of the strip from the ovarian end was greater than that 
from the vaginal end (fig. 12).* This greater rate of the strip from the ovarian end was not 
determined by its length relative to that from the vaginal end, as its rate was more rapid 
both when it was the longer and when the shorter (fig. 12). In the remaining experiment, 

* The tracings read left to right, the upstroke representing contraction and the downstroke relaxation, A centimetre scale 
has been marked on each tracing before reproduction. 



Fig. 12. —Uterus, non-pregnant rat. Comparison between 
contractions of A, whole horn, 1*2 inches ; B, ovarian 
end, 0*75 inch ; C, vaginal end of the horn, 0*3 inch. 


520 


DR AMY M. FLEMING ON 


on account of there being smaller contractions superadded to the main contractions, the rate 
“the stl from the ovarian end was too irregular for a comparison to be made. These 
12 confirm those of Kenan* (80), who showed that m the cat dog, and rabbit each part 
of the uterus shows a different type of contraction, and of Ogata, b. (46), who found that 
the ovarian end contracted more rapidly than the remainder ot the isolated horn of the 

M TnTorthe‘‘fa t> ctors, therefore, determining the variations in the relative rate of the two 
strips is their position in the horn, and the strips rarely correspond exactly because during 
their preparation the horns vary continually in their state of contraction. 


(2) Behaviour of a Horn of the Uterus : (a) before, (b) after removal of the Ganghon. 

A comparison was made between the tracings before and after removal of the ganglion 
in the following experiments. In each the trauma to the two strips was equalised by a small 
piece being cut off beyond the end of the non-ganglionated strip. Any change m the base 
line of the tracing before and after the operation depended not only on a change m the tone 
of the strips and on the depth to which the strips were sunk in the bath, but also on the 
approximation of the levers to the drum. Although, therefore, a very slight modification of 
the tone, if equally marked in the two, might escape being registered, a difference between 
the two in any change of tone produced would be demonstrated. 

Experiments. 

1. Both strips were taken from the ovarian end of the horn. The longer ganglionated 
strip contracted the more slowly. After removal of the ganglion there was no difference 
between the two strips in the degree of any slight change of tone produced. No change 
in the form of the tracing occurred on removal of the ganglion. 

2. Both strips were taken from the ovarian end of the horn and were equal in length. 
Their contraction rates were almost equal. No change of tone followed removal of the 
ganglion. A slight decrease in amplitude occurred only in the strip from which the ganglion 
had been removed. An increase in rate occurred in both strips after the operation, but the 
change was equally marked in the two strips. The form of the tracing was not modified 
by removal of the ganglion, although slight temporary arhythmia occurred, especially in the 
deganglionated strip. 

8. Both strips were taken in this experiment from the ovarian end of the horn. Their 
length and their rate of contraction were practically equal. There was no difference between 
the two strips after removal of the ganglion (fig. 13). 

The same operation was also performed in four experiments, in which, however, the strips 
had been treated already by physostigmine 1 : 6200 or by pilocarpine 1 : 5000 or 1 : 2500 
since these drugs are not known to poison the ganglion in these strengths. Their previous 
use lessens the value of the experiments. In none of these was there any marked difference 
after removal of the ganglion. 
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tract in the rabbit, cat, and dog was unaltered by the removal of part of the surrounding 
pelvic tissues or their complete removal up to the muscle wall. 

(b) The point of origin of the impulse initiating and controlling the movements of the 
uterus therefore appears to lie within the uterine substance itself. 

(c) The rate of the contractions occurring at the ovarian end is quicker than at the vaginal 
end of the horn. 



Fig. 13. — Uterus, non-pregnant rat. Comparison between the movements of the non-ganglionated H and the ganglionated G horn 

before — AO — and after — OB — removal of the cervical ganglion. 


C. Pharmacological Investigation. 

It seemed that a study of the action of drugs — known to act upon the peripheral nervous 
mechanism of viscera — upon the uterus, with and without the cervical ganglion, might throw 
further light upon its possible action. 

For this purpose the following drugs were selected: — 

1. Barium, as acting directly on the contractile substance of muscle ( Text-book of 

Pharmacology, Ctjshny, p. 569). 

2. Adrenaline, as stimulating the endings of the true sympathetic neurons or their 

receptor substance in muscle (op. cit., p. 372). 

3. Pilocarpine, as stimulating the receptor substance (op. cit., p. 342) of the true and 

the para-sympathetics. 

4. Physostigmine or Eserine, a representative of the Muscarin group, as stimulating 

the neural endings (op. cit, p. 351). 

5. Atropine, as blocking nerve action at the level of the receptor substance (op. cit., 

p. 323). 

6. Nicotine, as acting upon the peripheral ganglion-cells, first to stimulate and then to 

paralyse (op. cit., p. 314). 

7. Ergotamine and Ergotoxine, stimulating and then paralysing the augmentor receptor 

substance (op. cit., p. 377). 

To make such a clear-cut classification is of course unwarranted, since the characteristic 
action of each substance depends upon the concentration, i.e. the dose, and upon the con- 
dition of the structures acted upon. Not only may the stimulating action of a moderate 
dose be converted into a paralysing action by larger doses, but the mere continuance of the 
presence of the drug may alter the reaction of the tissues to it. Further, while the primary 
action may be upon one of the tissues present, e.g. upon, say, the receptor substance, greater 
concentration or prolonged action may result in a spread of the effect to other parts. 
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In the following description of the action of these drugs the tone and contractions, although 
not necessarily independent, are dealt with separately. As regards the contractions, their 
rate and amplitude were measured. The relation of tone and amplitude is somewhat com- 
plicated. There may be a concomitant increase of both; on the other hand, a marked increase 
of the tone may decrease the amplitude of contraction. 

(1) The Action of these Drugs on the isolated Uterus of the Bat and of the Guinea-pig. 

(1) Barium— l found that in all strengths of barium chloride used there was an increase 
in tone and in the rate of the contractions in the rat’s uterus. In weak solution 1 : 75,000- 
1 : 10,000 there was an increase in their amplitude, whereas stronger solutions produced a 
decrease in amplitude or the disappearance of contractions. 

On the uterus of the guinea-pig a marked augmentor effect was also produced by barium 
chloride in solutions varying from 1 : 2500-1 : 1670. 

This confirms the work of Itagaki (83) on the isolated uterus of the rat, of Fardon (82) on the 
guinea-pig’s uterus in situ , and of Kehreb. (80) on the cat. It is in line with that of Ogata (46) on the 
rabbit. 

(2) Adrenaline. — The effect of adrenaline in concentrations varying from 1 : 10,000- 
1 : 85,000 was tested in eighteen of my experiments, and it was found that both in the 
pregnant and non-pregnant uterus of the rat there occurred a decrease of the tone and of the 
rate and amplitude of the contractions. The response to adrenaline in concentrations vary- 
ing from 1 : 1,000,000-1 : 16,000 was also an inhibitory one in the pregnant and the non- 
pregnant uterus of the guinea-pig. In ten experiments the uterus was non-pregnant, and 
in two pregnant. 

An inhibitory effect has been found by other investigators on the uterus of the non- 
pregnant cat (Kehreb (80), Hilz (85), Barger and Dale (86), Dale (87), Cushny (88), 
Quagliariello (89), Bachman and Lundberg (90), Dale and Laidlaw (91)); on the dog 
(Kehrer (80), Hilz (85)) ; on the guinea-pig (Niculescu (98), Cow (99), Adler (100), Okamoto 
(94), Gunn and Gunn (101), Sugimoto (102), Hilz (85), Bachman and Lundberg (90)); on 
the mouse (Adler and Bachman (100)); and on the rat (Gunn and Gunn (101), Okamoto 
(94)). On the other hand, augmentor effects are found in the pregnant cat (Kehrer (80), 
Kuroda (92), Okamoto (94), Cushny (88), Quagliariello (89), Bachman and Lundberg 
(90)); occasionally in the pregnant dog (Neu (96), Kuroda (92)), and the pregnant guinea- 
pig (Kehrer (80), Quagliariello (89), Sugimoto (102)); in the rabbit (Kehrer (80), 
Langley (84), Kurdinowsky (7), Okamoto (94), Gaddum (105)); in the human subject 
: (Kurdinowsky (7), Kehrer (80), Neu (96), Turolt (108), Rubsamen (104)); in the virgin 
monkey (Dale (87)), and ferret (Dale (97) and Bachman and Lundberg (78)); and in the 
hon-pregnant cow (Meyer (95)). 

(8) Pibcarpme. — The response of the isolated uterus of the rat to pilocarpine in con- 
.. centrations varying from 1 -.10,000-1:2000 was studied in six of my experiments. In each 
7 experiment two or three strips were compared at once. The effect was found to be inconstant. 

four experiments one or other of the strips showed very little response to pilocarpine, only 
l :k slight increase in rate being observable. An increase of the tone and of the amplitude and 
of the movements was the most frequent sequel to treatment with pilocarpine. Occa- 
|)|aonaUy a decrease in rate, however, occurred. Strips taken from the ovarian and uterine end 
same horn differed in response, but no variety of response was observed to be characteristic 
^a ^ther end of the horn. In two experiments — both pregnant rats — decrease in tone and in 
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the rate and amplitude of the contractions occurred, but in each case only in one of the strips 
under comparison (fig. 14). In one experiment this strip had already given an augmentor 
response to a weaker solution of pilocarpine, 1 : 5000. Augmentation was produced m the 
other strip in this experiment by pilocarpine in the stronger (1: 2500) (fig. 14), as well as m 
the weaker solution (1: 5000). In the other pregnant rat no response took place m the other 
horn, although the solution was fairly concentrated (1: 2000). 



Fig 14 .— Uterus, pregnant rat. Comparing the effect of pilocarpine 1 : 2500 on the ganglionated (A) and the 

non-ganglionated (B) horn. 


In both the pregnant and the non-pregnant uterus of the guinea-pig a slight augmentor 
effect was produced by pilocarpine (1: 5000-1: 2000). 

These results confirm those of previous workers, who found that the action of .^ t^w 
uterus is generally augmentory, e.g. on the non-pregnant guinea-pig (Okamoto (94) Daub and L aidlaw 
(141 Sugimoto (102)), the rat (Okamoto (94), Itagaki (83)), the pregnant ca * <88), h abdok 

f8211 the non-pregnant cat (Dale and Laidlaw (14), Kehrek (80), Okamoto (94)), the rabbit (Cushny 
oiTo™ OO.TA (46)), but may in tome cates be inhibito^ „ m the ^ 3 * 
in situ (Cushny (88)), in the rat, pregnant and non-pregnant (Itagaki (83), Gunn and GUNN (l )), 
while sometimes no effect is obtained, as in the isolated pregnant gumea-pig and the rat (Gunn an 

Gunn (101)). 

The inhibition produced in the uterus of the two pregnant rats by strengths of 1: 2000 
and 1 : 2500 is difficult to explain. It was not due to a more prolonged action, as it occurred 
immediately in each case/ In one experiment the uterus had not been treated before with 
pilocarpine. In the other an augmentory effect had been got before with pilocarpine, 1 : 5000 
and was again got with 1 : 2500 later in the experiment. This also is against its being due to 
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Fig. 15. —Uterus, non-pregnant rat. Comparison between 
the effect of physostigmine 1 : 3000, followed by atro- 
pine 1 : 500 upon the non-ganglionated (A) and gang- 
lionated horn (B). 
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greater concentration, as is also the fact that in eaeh experiment it was obtained only m one 

(Esenne).— In my inv.tigation 

rfllTeV 'utttes^e^rs" n in some strips but the usual effect was an increase 
in tone and in the rate and amplitude of the movemento ( U j ; ^ of 1; 1M0 in ^ case 

of certain strips produced a decrease of tone and of 
the rate and amplitude of tlie contractions. 

An augmentor effect was produced in both the 
non-pregnant and pregnant uterus of the guinea-pig, 
using the strengths 1 : 4600-1 : 800. This is similar 
to the effect reported on the uterus of the cat by 
Fardon (82), Kehrer (107), Cushny (106), and on 
that of the bitch and guinea-pig by Fardon (82). 

An inhibitory effect following physostigmine 
has not before been recorded in the literature 
available to me. These results probably illustrate 
the fact that while moderate doses stimulate, large 
doses depress and paralyse. 

(5) Atropine .— In eleven experiments strips from the horn of the rat— two only being 
pregnant-were submitted to treatment with atropine (1:200-1: 2000) With the weaker 
solutions an increase in tone associated with a decrease m amplitude and an increase m rate 
occurred Stronger solutions produced an inhibitory effect, especially if the increase m con- 
centration occurred suddenly. It is to be noted that the strengths used are not the same as 

th ° S In the guinea-pig— Three being non-pregnant and one pregnant-slight augmentation was 

recorded J t obtain g d i s probably an example of the depressor effect of any drug 

in very strong concentration. 

Similar ausmentor effects have been obtained by other investigators on the uterus of the cat 
j iif TOT1 L /son of the virein ferret (Bachman and Lundberg (90)), the guinea-pig (Bachman 
“a T (001 Sugimoto (102)) the mouse (Adler (100)), rabbit (Okamoto (94)), rat (Itagaki 

W)) W ™ concentrations decrease in amplitude is recorded in the cat and dog (ta (80) 

L J mnnsp /Abler (100)) rabbit (Okamoto (94)), rat (Itagaki (83)); and inhibition m the rabb 
XTaosf) S a recinUy pregnant guinea-pig (Holste (17)). Very little effect was sometamee 
found in the cat (Bachmak and Lundberg (90)) and in the rabbit (Rohriq (35), Franz (108), Kde- 
dinowsky (109), Cushny (88), Ogata (46)). 

(6) Nicotine. — The action of pure nicotine (1 : 5000-1 : 1000) upon the uterus was studied 
by me in five non-pregnant rats. It was found to be inconstant. In some strips very little 
response occurred, in others an inhibitory and more frequently an augmentor effect was recorded. 

In the uterus of the guinea-pig (two non-pregnant and one pregnant) only a slight aug- 
mentor effect was observed with solutions varying in strength from 1 : 10,000-1 : 1250. 

The action of nicotine on the uterus of the rat and guinea-pig thus seems to be similar 
to its action upon ganglia — first a stimulation and then a paralysis. 

: Other workers report in some cases an augmentor effect, e.g. on the non-pregnant cat (Cushny (88), 

■ I Kehrer (80), Fardon (82), Okamoto (94)) ; the pregnant cat (Cushny (88)) ; the human subject (Franz 

(101)) ; the guinea-pig in situ (Sttgimoto (102)) ; the rabbit isolated (Okamoto (94), Ogata (46)), and, 
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in situ (Cttshny (88), Franz (108)). No effect on the guinea-pig (Dale and Laidlaw (14), Sogimoto 
( 102)) ; inconstancy on the non-pregnant cat in situ (Dale and Laidlaw (14)) ; variation wi os 
guinea-pig and cat (Hakan (110)) and rat (Itagaki (83)). 

(7) Ergotoxine or Ergotamine. — In experiments upon the rat a slight increase in tone, 
amplitude, and rate was produced by ergotoxine (1 : 2,500,000). (The ergotoxme phosphate 
was very kindly given by Dr Dale.) An augmentor effect also followed the treatment of 
the uterus with ergotamine tartrate (1 : 100,000) (Ampulles Santoz Chemical Co.) n e 
non-pregnant guinea-pig ergotamine tartrate (1 : 1000) produced slight augmentation. 

These results agree generally with the previous work done upon the uterus of the rat (Dale (116) 
Spiro (118) Rot hlin (115)) and the guinea-pig (Rothlin (115), Clark and Broom (117), Dale and 
Spiro 116 ) Spiro (118)’ however, has shown that this augmentor effect in the gumea-pig is con- 
fined to the upper half of the uterine horn, a relaxation occurring m the lower cervical end of the horn. 
Tate and Clark (125) found that ergotoxine produced no action or relaxation unless the uterus had be 
rendered excitable bythe application of drugs. Both the rat and the guinea-pig are relatively 
irresDonsive to ergotamine and ergotoxine. This may be partly due to the preponderate ac \ ivi y ^ 
the ‘inhibitory mechanism in these animals. An augmentor eSeet has also been recorded in the virgin 
non-pregnant^ monkey (Dace (87)) ; in the human uterus (Sriao (118 

/"n . r -gi anc i Barger (113), Dale (117) — ergotoxme, Rothlin (114), (llo), (H7), (l-*)> b< ) H l , 
STamne); fn The cat (Dale and LaidlIw ( 14 )-ergotoxine, Rothlin ( 115 )-ergotamine, Dale and 

Spiro (116) — ergotamine and ergotoxine). 

(2) The Action of each of these Drugs on the Horn of the Bat with and without 

the Ganglion. 

The action of these drugs on the isolated horn with and without the cervical ganglion 

(1) Barium caused an increase in the tone and an increase m the rate of the contractions. 
The presence or absence of the ganglion attached to the strip did not affect the degree ot the 
increase in tone or in the rate of the contractions, nor did it alter the change m amplitude, 
which increased -with weaker and decreased with stronger solutions of banum chloride. 

m Airmali ne always caused inhibition. The intensity of the inhibition produced by 
adrenaline was not modified by the presence or absence of the ganglion attached o ie 

h0rn ’(3) Pilocarpine produced very little effect on some strips, but an augmentor response 
was its more frequent sequel. In two pregnant rats, however, inhibition resulted 

The nature of the response to treatment with pilocarpine and the extent of the change 
nroduced did not depend upon the presence or absence of the ganglion. In the two pregnant 
Sts in which a decrease of the tone and of the rate and amplitude of the contractions occurred 
this inhibition was seen only in the horn attached to the ganglion m one experiment, and only 

in the one unattached to the ganglion in the other. , -» 

(4) Physostigmine caused most frequently an increase in tone and m the rate and amplitude 

of the movements. Larger doses produced an inhibitory effect. The presence or ab3 ^ e 
of the ganglion attached to the strip did not affect the character and degree of the effect 

(fi§ ‘ (5 f Atropine, except in very strong solutions, produced an increase in tone associated 
with ( ! decreSHn amphtude and an increase in the rate of the contractions. The response 
to atropine was not modified in its degree or character by the presence of the Bighorn 
(6) Whether nicotine produced very little response, an inhibitory g 
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one, the intensity and nature of the change did not depend upon me presence or uosenoe or 

th6 tonne or Ergotamine . — The slight augmentor effect following either ergotamine 

or ergotoxine occurred irrespective oi the presence or absence of the ganglion. 

Conclusions. 

No evidence has been obtained of the cervical ganglion having an autonomic action in 
controlling either the tone of the uterine muscle or the rate or amplitude of its movements, 
and, by a process of exclusion, we are therefore led to surmise that the control of the uterine 
movements must be maintained by the intramuscular neurons. 


III. Summary. 

1 In the rat, guinea-pig, and mouse the sympathetic nerve-fibres supplying the uterus 
and vagina pass down the hypogastric nerves to the level of the cervix and then pass to the 
tubes, uterus, cervix, and upper portion of the vagina by several branches. These branches 

are intimately associated with branches of the uterine artery. 

2. Nerve-cells are scattered along the hypogastric nerves and are specially numerous on 
the course of the hypogastric plexus opposite the cervix. On each side they form a ganglion, 
the cervical ganglion, which is largest and most circumscribed in the rat, and least so m the 

3. Within the wall of the uterus in these three types of animals, no cells have been found 
comparable in size, shape, or staining reaction to the nerve-cells found on the more proximal 
portions of the sympathetic nerve-fibres. 

4. The rate of the contractions occurring at the ovarian end is quicker than at the 
vaginal end of the uterine horn. 

5. A comparison of the action of uterine horns connected and not connected with the 
cervical ganglion, the absence of any effect on removal of the ganglion, and the absence of any 
difference in the response of the uterus with and without the ganglion to various chemical 
substances seem to indicate that the ganglion does not exercise a direct influence in con- 
trolling the tone and movements of the excised uterus. The point of origin of the impulse 
controlling the tone and movements of the uterus appears to lie within the uterine wall 

itself. 

The evidence for the action of the intrinsic nervous structures in the uterus will be dealt 
with in another paper. 

I wish to record my sense of great indebtedness to Professor D. Noel Paton, under whose 
constant supervision this work has been carried out; also to thank Professor Bryce and Dr 
Norman Maclaren for a number of new-born guinea-pigs, and for the use of the projection- 
microscope in the Embryological Department ; and Mr Jones of the Public Health Depart- 
ment, Glasgow Corporation, for wild rats. 
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XX1IL— The Expedition to the South Pacific of the S.Y. “ St. George.” * Marine Ecology and 
Ooral Formations in the Panama Region, the Galapagos and Marquesas Islands, and 
the Atoll of Napuka. By Cyril Crossland, M. A. (Cantab.), D. be. (London), F.Z.S., O.N. 
Communicated by Professor W. C. M‘Intosh, M.D., F.R.S. (With One Plate and Eleven 
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(MS. received March 16, 1927. Read June 20, 1927. Issued separately December 15, 1927.) 


Two contrasted oceanographical regions are dealt with in this paper, the fauna of the 
eastern Pacific being distinct from that of the Marquesas, which are the farthest outliers of 
the western ocean. In each of these two regions again are two divisions of markedly different 
ecology, physical conditions in the Galapagos being as great a contrast as could web be to 
those of the coast of Panama, while the Marquesas Islands differ from their neighbours faithei 
west, which are either atolls, or high islands surrounded by broad reefs, in being without 
coral deposits of any considerable size, and certainly no true reefs. The corals afford a striking 
example of the contrast between the two main regions; in Panama the only abundant coral 
is Pocillopora, in the Marquesas the only “reef” is of Parties, and the other deposits depend 
upon this genus for their existence. Several species of Pocillopora are abundant in the 

Marquesas, but are all distinct from those of Panama. _ 

Some collecting was done on the Atlantic side of the canal, but my contribution to ie 
problem of the isthmian division of faunas is the considerable material brought from the 
Panama (or Pacific) side and the Galapagos Islands, while to the problem of the faunas of 
oceanic islands some data are provided by the littoral collections made in the Marquesas, 
and, later, in Tahiti. 

Panama — The Isthmus. 


The Panama Canal is the most wonderful contrast to that of Suez, with which most 
of us were familiar, green lawns and tree-covered hills in place of the salt flats and desert, 
but what more concerns the marine biologist is the fact that this canal is of fresh water through- 
out, ships in transit being raised by locks to a height of 80 feet above sea-level ; there is, 
therefore, a flow of water from the great central lake to either ocean whenever a vessel is passed 
through. The natural overflow from the lake passes by the main river of the isthmus to t e 
Atlantic at some distance from Colon, and there are continual flows from the locks to the 
Pacific. The canal, therefore, in contrast with that of Suez, allows no intermingling oL the 
faunas of the two oceans, unless, among the species which attach themselves to ships bottoms, 
there are any which, by closure of shells or opercula, can survive the three to five, hours 

passage through fresh water.f , „ m , WiVT . m 

The geological history of the isthmus has been summarised by liotessoi Wave 
Yaughan, who finds that the principal tectonic lines of the Caribbean and Isthmus region 
existed at the close of the Paleozoic. During later Eocene and middle and upper Oligocene 

* Eor noDular accounts of our voyage see (1) Douglas and Johnson, The South Sms of To-day, Messrs Cassell, 1926, 21s. 
(2) C L Colenette, Sea-girt Jangles, Messrs Hutchinson, 1926. Both popular and scientific accounts of lahU. are m Pjpara jo 
ly tL preset writek Short prehminary accounts have appeared in Discovery, oi the present voyage, November 1925, of btata 

coral reefs, July 1927, and in Nature, April 23 and July 2, 1927. 

+ Of. Box, H. M., “ Cambridge Expedition to the Suez Canal, Irani, lool. Sot,., U-6. 
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, . .. Woa+ in Si as and interoceanic connection through 

there was extensive ^mergence in 0 . maximmn submergence being in the middle 

Obgocene ySmsm « widespread in Central America and the Antilles dunng Eocene 

- 

"mwiriTthe Pacific, becoming extinct in the Atlantic dunng 

^lifthe 6 Mesozoic Vaughan gives only “possible” and “probable” connections.* . _ 
The following valuable information on the passage of fresh water r0 ^g* ^been 

Year' 1925 558 cubic feet per second of fresh water entered Limon Bay through the At antic 
locdiS’ almost exactly the same amount came into Panama Bay from the Pacific lock . 
Annroximatelv S550 cubic feet per second of fresh water entered the Caribbean through 
the old mouth of the Chagres River, being the water spilled over Gatun spillway and used 
by the Gatun hydro-electric for power. However, the mouth of the Ghagres ivei 1 a 
six miles south-west of the Atlantic entrance to the Panama Canal, and m no way cou 
presumed as a factor in density and temperature at the Atlantic entrance. Density deter- 
mination ranges have run: 

Cristobal (Atlantic side) • • ■ • i nil! +° i !!! 

Balboa (Pacific side) 1-010 to 1-024. 

Vote.— Minimums at low tide and considerable down lockages ; maximums at high tide. 


“Sea temperatures: 
Cristobal . 
Balboa . 


75° to 86° F. at 10' depth 
j60° to 86° F. at 10' depth. 


“The fresh-water passages through Miraflores and Gatun Lake as regards effect upon 
ship-bottom marine growths and barnacles have been a disappointment. In the ordinary 
transit but three to five hours of fresh water is encountered— no appreciable effect is noted. 
Rvon dead growths have to be dislodged by mechanical means; several ships which for 
various reasons have remained in Gatun Lake for considerable periods of time still show 

dead growths in place. . 

“ You may be interested to know that sea-borers have evolved (apparently during the 
short life of the Panama Canal) so that they now live in Miraflores Lake between 100 to 
1000 parts salinity in one million. (Bee Neoteredo mimfLora and Bankia zeteki of Bartsch, 
‘Marine Piling Investigations,’ National Research Council, Washington, D.C., also ‘A Mono- 
graph of the American Bhipworms,’ by Paul Bartsch, Bulletin No. 122, U.S. National 

On the above we may note that we have still to determine how much of the fauna of a 

; , 1 • ’ ■’* r p, Waylamo Vahokam, Bull. Oeol Boc. America, vol. xxix, pp. 615-030, 1918. 

1 , . , 1 1 1 if period only (January to April) ; during remainder of the year 76° to 84° F. 
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ship’s bottom remains alive and therefore has a chance of establishing itself on the other 
side of the canal. Prom the point of view of the ship-owner a dead organism attached to the 
bottom is as great a retardation of the ship’s speed as is a living one, but it seems possible 
that such dead shells, etc., may drop off after the vessel has been a few days in the ocean, 
together with any young growths which have attached themselves to the old in the meantime. 
Further investigations on these points might yield interesting results both biologically and 
commercially. 

Certain Polychaste worms (an ancient group) are widely distributed and are found on 
both sides of the isthmus. Collections not yet being worked out, three of the more striking 
examples may be quoted. A Panthalis (Aphroditid with a flabby tube of mud and mucus) 
was obtained at Trinidad and Colon in the Atlantic. The worm emerging, displayed a beautiful 
and characteristic coloration, the dorsal scales being primrose yellow edged with black. This 
species was obtained again at Colon, the Atlantic entrance to the canal, but on the Pacific 
side another species with a distinct colour scheme. This seemed like a beautiful example of 
the distinctness of the Atlantic and Pacific faunas, but further work showed that it was only 
an instructive example of the danger of founding generalisations on small collections, as 
later the Atlantic form was found here also. Possibly the Polychseta, being an ancient 
group, are more widespread than others, several species on this voyage seem to have been 
found at every point we touched at, e.g. the little Lumbricomreis, which I obtained in the 
Cape Verdes in 1905 and named L. albifrons in 1924,* is common both in the Marquesas and 
Galapagos (obtained only from “washings” in both cases, as it was in the Cape Verde Islands). 
One of the most curiously coloured of worms is a species of Leodoce {Eunice), which is uniformly 
of a deep violet with a clear white collar and white rings on tentacles and cirri. This was 
described by Claparede from the Mediterranean long ago, and was seen again in the Cape 
Verde Islands by me in 1904, where I found it only among the encrusting organisms under 
barges. Searching the floats under a floating pier end at Taboga twenty years later, the same 
species was obtained in the Pacific. It is just possible that this form has been transported 
in the fauna of ships’ bottoms. 

As conspicuous examples of the differences between the two sides of the isthmus we 
may quote the corals and the faunas of the docks at Colon and Balboa. The former is well 
known, but as the absences from the Atlantic coral fauna have generally been emphasised 
it may be as well to remember that the fauna of the Panama region is very much the poorer, 
the only abundant genus being Pocillopora, and probably only one species of that, Porites 
rarely of any importance and Pavona rare, while the Galapagos, with their entirely different 
conditions, only add one or two other members. 

The docks at the two ends of the canal are similar and under much the same physical 
conditions, except that while there is no tide at Colon there is at Balboa. In the abundance 
of fresh water and scums of tarry oil they are alike, yet both support an abundant fauna, 
the piles of the wharf at once attracting attention. At Colon these were thickly covered with 
the bivalve Perna, a quantity of which being scraped off and examined in the laboratory 
yielded a large number of animals, apart from the accompanying Ostrea, Mytilus, sponges, 
ascidians, polyzoa, and hy droids. Weed is also abundant on the floating fenders of timber 
which line the dock sides, whereas on the Pacific side, though there is abundance of hydroids 
and polyzoa, there is no weed. The piles in Balboa show the same zones of life as does the 
open shore, viz. rock oysters above, below this Balanus, and at lowest tide level hydroids 

* Proa, Zool . Soc., 1924, “ Polychseta of Tropical East Africa, the Red Sea, and Cape Verde Islands, collected by Cyril 
Crossland, and of the Maidive Archipelago, collected by Professor Stanley Gardiner, M. A., F.R.S.” 
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and polyzoa. The thick growths of Perm and accompanying bivalves, which are the features 
of the piles at Colon, are absent. (This might conceivably he due to the swarms of a little 
spiny Diodon in the Balboa docks, which lives upon young shellfish among other things, 
so that even if the spat of Perna settled upon the piles it would he all browsed away.) 

The absence of weed was found to characterise the whole region, wherever we explored 
it, and reference to the map shows that we extended our journeys well to north and south 
of the Gulf of Panama, to Coiba in the north and Gorgona southwards. While the rocks 
at low tide below the city are golden with a mossy growth, this is a Sertularian Hydroid, 
there is no weed at all, but a painting of some of the pools with encrusting lithothamnia, 
while others are gorgeous with vermilion sponge. Similarly the shores of the islands had 
but this same painting of the boulders at low-tide level, and a little conferva, but plant life 
is practically absent. (Inconspicuousness of weed is a usual feature of tropical shores, but it 
is always present, though not in the bulk usual on northern shores.) Its absence here may 
be connected with the peculiar conditions prevalent, the almost perpetual rain and dull skies, 
the extreme muddiness of the water, largely due to the vast quantities of vegetable matter, 
from leaves to whole trees, which are brought down by the westward flowing rivers, and which 
are continually met with out at sea and along the shores, and to the almost perpetual calm. 
The absence of gravel at high tide and the sharp edges of the stones below show that no 
surf ever disturbs the shore; a consequence is the accumulation of mud, the “almost un- 
believable mud” of Agassiz’ description. This is largely organic, and at Panama hides the 
bottoms of pools a foot or two deep, while, even off the islands 20 miles to sea, visibility 
extends but to one or two fathoms. Mud covers the sea bottom everywhere, inshore and 
off the islands, with the exception of some accumulations of shells and shelly sand near the 
Perlas Islands and Jicaron, the southern extremity of Coiba. And yet a fauna of great 
richness can flourish. 

The littoral fauna is in fact the richest I have met with, but is not to be found every- 
where. The reef of mingled lava flows and soft shale beds, below Panama city, is an area 
of great richness, but much of the shores of the islands we visited is of rounded boulders and 
sand, from which little can be obtained. Collections were obtained from Balboa Docks and 
Panama, Taboga, and Perlas Islands in the Gulf of Panama, Coiba and Jicaron Islands to 
the north, and Gorgona to the south. 

On the mainland near Panama there are no reef-forming corals, but little clusters an 
inch or two across, with pink or rose coloured polyps, are common under stones. The larger 
vermilion or orange Dendrophyllia with the same habit is not found here, though it is common 
at all the near-by islands as well as the Galapagos, Marquesas, and Tahiti. It is never a 
reef builder, living in crannies and under shelves of the rocks above the level of lowest tides ; 
it is not intermingled with the Pocillopora, which is never exposed. In the deeper pools in 
the lava at lowest spring tide small Gorgonians are abundant, several species being some- 
times present in the same pool. This was a novelty to me, as on the coasts I have seen 
“ sea fans ” were obtained by dredging only, and then as rarities, whereas the fleshy Alcyonaria, 
here totally absent, abound in extraordinary numbers on most tropical shores. 

Of the Polychsete worms, as stated, an abundance of both individuals and species is to 
be found right up to high-water mark, where the black sulphurous-smelling sand is crowded 
with a Spionid. In the lower pools the giant Sabellid Spirographis, with its spiral of feathery 
plumes, is abundant; Diopatra with its peculiar tubes built of shell fragments, or any other 
material available, e.g. twigs and dead leaves, is common from low to high tide. The genera 
of Terebellida) were numerous and varied, but the largest worm tube I ever saw is made by 
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a simple Eunice, whose tubes are of mud, standing vertically a few inch 63 a ^ ove 
with their tops turned over horizontally with a narrow opening. The W° r ™ s ^ ^ 

to secure, as the tubes pass through the sand among the stones beneath, h llt one 0 . 6 9 

over an inch thick, which, owing to the presence of a flat rock was forced to run ^ ^ 
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The corals of all this region are of few species, one or possibly two of Pocillopora greatly 
predominating. Pontes is rare, Pavona is seen only occasionally, while Psammocora occurs 
as loose nodules. There are no true coral reefs, and the existence of the deposits which 
occur seems to be due to a minimum rate of decay and the perpetual calm of the region. 
Scattered growths of Pocillopora, such as in the Bed Sea would have no effect on accumu- 
lation have here produced considerable quantities of material, all of which remains loose. 
The beach is often covered by coral carried up by the feeble waves of this sea, hut m any 
less pacific region, not a proportion, but the whole, would be thrown on to the shore by 

the first gale. . , „ , ., , ,, , 

Taboga Island, 9 miles out in Panama Bay, shows typical flats along its more sheltered 

eastern side. These are composed of the debris of a rather fragile species of Pocillopora 
just below low-tide level along most of the east or leeward side, hut the rocks on the other 
side of the island descend straight into the water. There are larger colonies of Pontes, but 
these are too few to make any appreciable proportion of the deposit. In general the surface 
of the flat consists of dead pieces of Pocillopora covered with confervae above and encrusting 
lithothamnia below, but the latter fails to cement the pieces together. The coral living on this 
flat is often found to be due to the continued growth of branches thrown up from its edge, 
growing as a plant may grow from a cutting. The edge is steep and in places covered with 
Pocillopora as thickly as it can grow, hut only for a fathom or so down, dredging below this 
level bringing up coral fragments only, generally bound together into lumps by a yellow- 
green sponge and Lithothamnia, and in contrast with the material from the flats, rich in 
animal life of all sorts. Below this, in water as shallow as 5 fathoms, is the usual thin mud 
of the region, and, with the exception of the Perlas Islands given above, this was the rule. 
This island illustrates again the dependence of the littoral fauna on geological structure and 
shelter, as here the only area of shore with much life is the spit of beach sandstone between 
Taboga and Morro Island. Elsewhere rocky and sandy shores alike are comparatively barren. 

At Gorgona coral growth is limited in a similar way, though a few other species are found 
with the dominant Pocillopora, and beaches half of coral are more extensive. Even so far 
from the mainland the coral debris below the shallow growing zone passes into soft mud, 
which covers the whole channel, here at its deepest, 30 fathoms. These islands are at all 
times like oversaturated sponges, water seeping from them at other points than the mouths 
of the numerous streams, which, as is so often the case, have no visible effects on the corals 
near them. 

Coiba Island has the largest accumulation of coral seen, just below the convict settlement, 
which is the only habitation on the island. Here the beach is gravelly, with much rolled 
coral, shells, etc., and overturned trees on the little flat between the sea and the slope behind 
expose the same among their roots. At low-water level the dead coral is bedded in the sand 
to form a level surface, of which cylinders of Pontes are for the first time important, and many 
show the effects of the gradual advance of the sand upon their growth before they were finally 
killed. Living coral is abundant at a level about 2 feet lower and some distance seawards, 
forming an offlying patch. This consists of the usual abundance of brown Pocillopora with 
a few large colonies of Porites, and one comparatively solid mass of Pavona was found. Below 
this is a slope of coral debris, and above a flat of broken coral, sand, and thin mud. Even 
after prolonged calms the water of the reef was opaque with red clay in patches, such as is 
usually supposed no corals can survive. 

The bottom at 5 fathoms shows that storms are hardly known, as it is composed largely 
of a finely branched Liihophyllum in loose pieces 2-4 inches in diameter, with quantities of 
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red weed attached to them. Sponges of several species form loose balls 1-3 inches in diameter; 
they show a core of small pieces of Lithophyllum; there are also scattered leaves of a Pavona. 
Mollusca are numerous, especially Murex and Turntella; the shells were often covered with 
hy droids and polyzoa, but these were not present on shells occupied by hermit crabs. 

This history of this coast is easily read. Comparatively recently the slopes behind the 
narrow band of fiat land were marine cliffs, beneath which corals flourished, making a more 
continuous and solid deposit than is usual in these seas. There was a change of level of 
about 2 feet, the cliff of soft rock became a slope, both slope and flat being now under 
cultivation; the corals were slowly buried and growth transferred farther out to sea, forming 
a little barrier shoal a hundred yards out. 

Corgona recalls Taboga in its coral deposits, living coral of the usual species, forming a 
band a fathom or so deep, not covering the whole surface, yet its debris accumulates more 



Fig. 2. — Coral reef and Haliraeda beach of Limon Bay, Colon, on the Atlantic side of the Isthmus. 
From a photograph by L. J. Chubb. 


rapidly than it is removed and extends as deep as 15 fathoms, but no solid rock has formed 
anywhere. An additional coral genus occurs here in solid masses 3 or 4 feet each way, 
of which I was unable to obtain specimens owing to the incapability of my diver. The coral 
debris appeared at first sight to be rich in polyzoa and sponges only, but narcotisation liberated 
a large number of animals of many other kinds. Otherwise collecting yielded little, either 
ashore or by dredging. Coral everywhere affords a habitat to fish and Crustacea among its 
branches, here more abundantly than usual. On one occasion some natives brought five fair- 
sized colonies of Pocillopora, from which 2-3 lb. of relatively large fish and Crustacea were 
washed out, besides multitudes of smaller Crustacea and worms. Here fishes of the strange 
forms and brilliant colours, usually associated with a coral sea, were more in evidence than 
at any other place we visited, Tahiti not excepted. In spite of the abundance of mollusc- 
eating fish, the Panama pearl oyster, Pindada margaritifera var. mazatlantaca, is common 
both above and below low water, but is not fished hereabouts. Most of the shells are heavily 
parasitised, few reach more than 10 cm. in diameter, and this variety of the species has a 
market value below even that of the Red Sea. 
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Dredging in 30 fathoms, on a bottom of fine mud, was tedious hut yielded a fair number 
of species of Polycheeta not seen elsewhere. This may be connected with the extraordinary 
coldness of the mud, 15-1° C. at 25 fathoms when the surface temperature was i -6-5 0. The 
latter was always high enough for coral growth, being between 25 and 26-6 G., but it is 
possible that temporary northern extensions of the cold South American current may cause 
fowerinas of temperature fatal to most species. Owing to the steepness of the slope off this 
side ofWona the low bottom temperature recorded above was only a few yards away 
from the growing coral. On our crossing to the Galapagos we found the lowest surface 

temperature was 20-7° C. (69-2° F.). , , A1 _ 

The contrast between these deposits and the reefs of the Caribbean is illustrated by the 

example of the latter in Limon Bay, near Colon, of which I give a drawing from a photograph 
by Mr Chubb. This consists of a flat, slightly above sea-level, but covered with living litho- 
thamnion and a little Pontes and Millepora at its edge. The rock is typical hard coral rock, 
made up largely of “brain coral,” a type seen nowhere else on the voyage nor m Tahiti, the 
colonies in situ. The surface was planed down, exposing sections of the contained corals, 
during a pause in the movement of elevation, and in spite of the vigorous growth of litho- 
thamnia, the edge is not growing, the fissures which so resemble spaces between outgrowing 
tongues in other reefs here being the results of erosion. The beach sand is largely from the 
abundant growth of Halimeda, an alga which was not seen again until the Marquesas were 

reached. 


The Galapagos. 

These are volcanic islands in practically their fresh condition. They were especially 
interesting as affording a basis for comparison with the eroded volcanoes of the Society, and 
the still further reduced Marquesan, Islands. Each island of the Galapagos is formed of a 
complicated set of volcanic vents, in most a main volcano with lesser cones on its flanks, either 
perfect, eroded, or broken by explosions, while offlying islets may have no obvious relation 
to the cones at all. In contrast the Society Islands consists of simple cones with no sub- 
sidiary vents, and no outlying islets of volcanic origin, and some of the Marquesas have double 
cones broken by great earth movements. The differences and likenesses between the shallow 
water faunas of the Galapagos and Panama may be due to geographical conditions, but the 
whole ecology is a contrast to that of the mainland. The clearness of the water permits 
visibility to a depth of 10 fathoms ; weed is abundant and varied, Sargassum hanging from the 
rocks at low tide as Fueus does in temperate regions, in marked contrast to the general con- 
dition in the tropics, where such weed is sparingly found. Lithothamnia are not abundant 
at James Bay, more so at Conway Bay, and quite plentiful at Post Office Bay. A further 
difference is seen in the beaches, that at the first bay being purely of broken shell, at the 
second of shells and volcanic sand, at the third principally volcanic. At Post Office Bay, 
just below low-tide level, are quantities of nodules of Lithotha mni a, usually with a pebble 
as centre, and a beautiful f oliaceous form is not uncommon. Yet even here no considerable 
masses nor extensive protective crusts are formed, and we doubt the existence of such in the 
group. Of other alg», corallines, a large Padina, and Ulva with small stiff fronds like those 
of a liverwort, and a stiff mossy green weed were the commonest; the last is remarkable for 
the amount of animal life it sheltered, including hydroids, nematodes, and insect larvae. 

Evidences of changes of level were conflicting. On the one hand there is a low shelf 
round eome ash island, e.g. Albany Island in James Bay, resembling that which surrounds 

Marquesas, parts of Tahiti, Samoa, etc., but this is not general. Certainly many of the 
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lava flows reached the sea while at its present level. On the other hand there is a partly 
submerged “peat” bed at Conway Bay, made of the roots of mangroves, of which living 
specimens grow at the top of the beach. This forms a little flat at low tide but extends beneath 
the lowest springs, and its condition gives clear evidence of recent, even if local, subsidence. 

I myself did not find any corals, either by dredging or thrown up on the beaches, but 
Mr Hornell, whose duties took him further afield, found considerable quantities on certain 



beaches. No rock which could possibly be called coral rock was seen by any of us, though 
Agassiz asserts that such rock is characteristic of Galapagos beaches, mentioning especially 
Conway Bay which we particularly examined. “On nearly all the islands are a number of 
sandy beaches, made up of decomposed fragments of coral and other invertebrates, cemented 
together at or beyond high-water mark, into the modern reef -rock I have described.” “ Conway 
Bay itself, where we anchored for the night, on Indefatigable Island, is a fine example of one 
of the coral rock beaches so characteristic of the Galapagos.” * 

It is clear that the rock referred to as “coral rock,” and “modern reef-rock,” is what is 
generally known as beach sandstone. 

* Agassiz, Amer. Bull. Mus. Comp. Zool. Harvard, vol. xxiii, 1892-3, p. 64. 

TRANS. ROY. SOC. EDIN., VOL. LV, PART H (NO. 23). 83 
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Mr Hoknbll’s notes are as follows: 

A. Coral beaches : 

1. Indefatigable Island. Just beyond the north end of Conway Bay is a high 

bank of dead coral, of reef-forming facies, and odd blocks are scattered 
between tide marks. 

2. Charles Island. Cormorant Bay has several short beaches of dead coral, in 

blocks, branches, and smaller fragments, one beach consisting almost en- 
tirely of rounded blocks as large as a man’s head piled on the lava sub- 
stratum characteristic of the place, another beach of smaller pieces, the 
sand adjacent to these beaches partly composed of coral particles mixed 
with shell fragments. 

B. Recent beach sandstone was seen — 

1. Near the coral beach of Indefatigable Island, but this did not itself contain 

coral, but contained shell fragments and broken spines of Cidaris. The 
deposit lies in front of the sanded-up entrance to a lagoon. 

2. On Charles Island at the east end of Post Office Bay, composed only of shell 

fragments and particles of volcanic material. 

3. At Black Bight, Albemarle Island. 

It is surprising to find no more coral growth in these clear waters than in the mud of 
Panama, if indeed there is so much. Agassiz suggests that the erosion of these rocks forms a 
detritus too small and loose for the attachment of coral larvae, and considers that the coldness 
of the water is a less hindrance to coral growth than the spread of silt from the western flowing 
rivers of Central America. As has been shown, this silt does not reach the shallow water round 
these islands, so that it is clear that the lower temperature is at least as great a detriment as 
the mud of Panama. 

The shores of these three bays visited are largely composed of lava flows enclosing pools 
at low tide. These support a fauna apparently as rich as that of Panama; certain pools 
were extraordinarily rich, in one pool no few T er than eight species of Opisthobranch being taken, 
and in another six different species of Terebellid worms. The submerged ‘ ‘ peat ” bed is another 
habitat of special richness in Polychasta, of the Bunicidse alone there were representatives of 
the genera Leodoce (Eunice), Marphysa, Onuphis, Lysidice, Lumbriconereis, Arabella, and 
Dorvillea (Staurocephalus). 

It is regretted that our time was too short for complete collections to be made, which 
would, I think, prove that the shallow water fauna is as rich as that of the continent. 

Tagus Cove * differs altogether from the preceding bays in being a small crater, from 
which one side has been blown out, admitting the sea. The lava flows of the preceding bays 
are all low, ending generally in black cliffs a few feet high, which in appearance recall those 
of raised coral of tropical East Africa, while in Tagus Cove the yellow ash beds of the crater 
descend directly into deep water, with here and there a ledge only a foot or two wide at low 
Water; there is no access to the land except by one small gully at the head of the Cove. The 
rock breaks down into a clean sand, and finer sediment is absent, the slight surf removing 
what little is formed, and the products of algal and animal decay. Shore collecting is sur- 
prisingly rich, for bo clean is the gravel, in such small pools as thoro arc, that small stones aro 
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coated completely on every side by polyzoa, which also cover the algae half-way up from their 
bases, and above these there are Obelia - like hydroids. Polychaeta are abundant, beautiful 
Sabellids, with plumes of various colours, are numerous, and half a dozen specimens of a red 
Amphinomid are found under every stone. The bottom of the cove is about 12 fathoms 
deep, covered with clean, rather coarse, sand. Here again weeds are abundant and varied, 
supporting a large fauna of hydroids and polyzoa. Sponges are common everywhere, mainly 
as incrustations; two offlying rocks nearly dry at low tide were completely covered with them. 

I expected that Lithothanmia would form a continuous protective crust to the rocks about 
low -tide level,* at any rate near and outside the opening of the bay, but this was not found 
here, or anywhere else in the group, either on this soft ash rock or on the hard lava of the other 
bays. The usual weeds occur, Sargassum becoming especially abundant out towards the points. 

The climax of this profusion is reached at a point where the cliff overhangs, and protects 
from the sun a shelf of rock which lies just below low-tide level, making a veritable sea-gar en. 
On a carpet of blue sponge and some Lithothamnia are rounded colonies of scarlet Fihgrana, 
which suddenly become white when touched, the little scarlet worms retracting into their 
tubes, yellow and pink corals (. Dendrophyllia ), with large flower-like polyps, masses of Tubu- 
laria , and fan-shaped reticulated Gorgonians.f These are below low water but at that level 
are two species of branching polyzoa and a beautiful plumulanan hydroul (? Halecmm), while 
higher up are a varied array of anemones in thousands, and any vacant space is covered wi .> i 
a dark brown encrusting polyzoan. Other sponges, and large masses of compound ascidians, 
are also abundant. In all my travels I have seen nothing so rich and beautiful, as this sur- 
passes the best coral beds in the variety of the forms which make up the garden. Here, oo, 
were large “acorn barnacles,” which interested me mainly m that their empty shells, which 
are over an inch high, shelter a marine spider, also taken at Post Office Bay. The finding 
of so incongruous an animal was equalled hv centipedes being part of the normal marine 
fauna at low tide, but I had taken both twenty years earlier at Zanzibar $ and Cape Verde 

On our first landing the water was milky with teeming Amphipods all the way from the 
yacht to the shore, but these soon disappeared. They inhabit shore alga m such numbers ia 
washing out half a bucketful of weed yielded 3 cubic ounces of small animals, mostly amphipods. 

An ecological fact of the first importance is the necessity for all marine animals to be 
provided with some protection against becoming a settling ground for the larvae of fixed forms. 
The Gorgonians are supposed to be especially well protected by their stinging threads an 
mucus secretions, and it was surprising to find the little hydroul Obeha ; growing over 
living branches of the species found here, as well as upon a polyzoan. Ophiurouls are the 
commonest commensals with Gorgonians, here a light blue form sometimes almost covering 
them, but on washing out a quantity of these “sea fans” they were found to harbour quite a 

i ar o*e faun of ixioig dGlic&tG crG&turos. £ 1 

& In Tamis Bay a bucket full of Padina weed was brought into the laboratory for closer 

examination than is possible in the open and the result of a careful ™ ^ 

discovery of five examples of an Aplysiid, about an inch long, coloured so exactly like the 
weed that its presence was unsuspected until this second examination. or was is a , 
ffir the weed being put into basins for narcotisation, fifteen further specimens detached them- 
selves. The deception was even more perfect than that of similar molluscs on the grass-like 

% Pocock, “ A Marine Spider of the genus Desis," Proc. M. i>oc., 1902, p. 389. 
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Cumadocea of Zanzibar and Bast Africa, and the same thing occurred in Tahiti, an additional 
»ec°es being discovered by adding the narcotism* agent to weed winch had been already 
Sed A larger Aplysiid, which in the Panama region is greenish grey with marking of 
Shothamnion purple! fs in the lava pools guite black. In the same pools are numerous 
“all specimens of the crab Dronm, all of which carry the same glossy black compound 
ascidian, while an Oncidium and a Fissurella are also of the prevailing coloui. 

The Marquesas. 

We arrived in the anchorage of Taa Hu Ku, Hiva Oa on December 26 and remained in 
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the group for forty days, visiting the anchorages marked m the islands of Fatu Hiva and 
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Tahuata in the southern group, and Nuka Hiva in the northern, where we saw the famous 
“ Typee ” valley of Herman Melville. 

The beauty of these remote islands, their combination of majestic mountain and cliff 
with fruitful valley, the melancholy decay of their once numerous and happy people have 
been described by other members of the expedition. To the marine biologist they are of 
exceptional interest, the problem presented by the absence from them of any coral reefs, 
while their nearest neighbours are the atolls of the Tuamotus and the broadly reefed Society 
Islands, being almost classical in coral reef literature. In the case of these islands discussion 
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has tended to outrun observation, but fortunately we now have a more complete account of 

the geology and tectonics by my colleague Mr L. J. Chubb. 

It is clear that there has been heavy faulting in these volcanic islands, and to this the 
enormous cliffs, 1000 feet high, are largely to be attributed, those due to regular marine action 
upon volcanic slopes being comparatively low. Some islands consist of half craters, or the 
halves of double craters, the missing parts having disappeared below the sea. It is possible 




Fig. 5. — Three views of faulted coasts in the Marquesas. 

A - 

the slope of the island to the north. The southern half o > t i e cone 3 as c o a P ber ^ Anak ei Island shows minor faulting and the 

B. Hiva Oa Island, looking across Atuona Bay to S-S V Compare “ the hnls of the k .ft hand of the sketch, to 

.Si ^ - <„< «, 

into the sea without conspicuous clifhng, (. >) sp i r 5wninino > nart of the original great crater, the lower dissected mass, all to the 

St J u asvst sTrcsrpc* ttww n » • - - * «. »■ 

The shore shelf is seen at the bases of the nearer sea-cut cliffs on the right. 

that coral reefs could not be formed upon such deeply faulted coasts;* but this faulting 
aBects only one side o! some of the islands, and even the small number of soundmgs we have 
show quite suitable depths for the foundations of coral reefs m many places, and the lug 
cliffs have a considerable amount of talus at their bases. , ■ , T . 

No raised reefs whatever were found, and it may be taken tha i ey t o no exi^, ^ 

movements show a submergence by which the river mouths were 

400 and 600 feet, followed by an emergence, shown by the shore shelf which runs round 
bases of practically all the cliffs. This is so regularly found, at about the same level, m so 
manv nlaces in the Pacific, that it seems certain that the ocean has sunk at, least 6 fee • 

AolsITuggeste that the character of the sand formed from erosion of these hard rocks 

* But c/. the Red Sea. 
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makes a substratum upon which coral larvae cannot settle. It will be seen that this is one 
adverse influence, but certainly not in itself prohibitive. Since the date of his paper obser- 
vations on the foundations of reefs have been made in various parts of the world which make 
this hypothesis * unlikely. To mention only the Red Sea, elevated reefs there may rest 
directly upon, or with only an inch or two of shelly matter intervening, (1) soft sandstone, 
(2) coral mud, (B) gypsum. They are recent shallow water reefs, and the corals are in the 
position in which they grew, not broken pieces carried from other reefs on to these soft, loose, 
and soluble substrata.! 

The view that reefs are absent because there is no broad platform of erosion upon which 
they could have been built cannot be fully proved or disproved until many more soundings 
around the group are available. In any case, that the problem is ecological rather than geo- 
logical, even a cursory examination of the coral fauna shows. Many of chief reef-building 
corals do not occur, and those which do exist attain their full development only exceptionally. 




All our anchorages were fundamentally alike, a short bay with rocky sides and a short 
beach at its head, the small embayments of the valley mouths, such as is illustrated by the 
plan of Taa Hu Ku. The surf penetrates to every part, and the beach is of sand, gravel, and 
boulders, generally a combination of the three, which has been thrown up as a dam across 
the stream mouth, forming a pool, which adds much to the romantic appearance of the 
villages. The black basalt cliffs in the bays are not very high, and here, as outside, a rock 
shelf runs along their bases above high-tide level, as shown by patches of grass on its landward 
side, though seawards there are often pools kept fresh by the surf and containing a rich fauna. 
In places where the rock is of irregular formation, such as at Omoa in Fatu Hiva, the shelf 
is much hollowed and undermined, and blow-holes, from which the surf throws columns and 
spurts of spray, are characteristic of many coasts, as they are in the Cape Verdes. 

The algal flora is of the usual tropical type, of numerous species but inconspicuous quan- 
tities. The masses of Sargassum and abundance of other weeds which characterise the 
Galapagos are not found here, but neither are the shores weedless as in Panama. Litho- 
thamnion is alone conspicuous; the lower part of the shelf below the cliff is often whitened 
by a thin coat of dead Lithothamnion, probably dried this season when the surf is less on the 

♦ Agassiz, A., “Albatross Tropical Pacific Expedition,” Mem. Mub. Qomp. Zool. Harvard, vol. xxviii, 1903, p. 4; also 
toI* No* L 1892 {Galapagos, etc*). 

4 . , f Urn, &oe, f vol xxxi, and Desert and Sea Gardens of the Bed Sea, Cambridge University Press, 1913. 
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sides of the island we visited, but between tide-marks is a thicker crust of the usual pinkish 
purple. This is rarely, or never, of Lithothamnion alone, generally it is combined with the 
Serpulid Bispira, which, though inconspicuous, may in some cases form the greater part of 
the mass. Or a Vermetus may be present as in the incrustation of the Gape Yerde Islands, 
hut a minute species, 1 mm. in diameter. This incrustation is thickest near the lowest point 
exposed by the retreat of a wave (the tide is trifling compared to the rise and fall of the surf, 
even on the leeward side of the islands), hut it extends beyond low-water level. Where this 
covering fails some other organism takes its place, there is no square foot anywhere below 
high tide which has not its organic carpet. Areas of many square yards are covered with 
rubber-like sheets of Zoanthid Actinians, a slaty coloured form with bright green tentacles 
being the most common, a dull yellow with larger polyps being also abundant. Soft weeds 
are rare, but Halimeda, which had not been seen since we were at Colon, occurs in the pools 
of the shelf. Below lowest tide-level the covering may be of yellow sheets of Millepora, 
which, within the bays, sends up abortive branches only 2-4 inches high, and is often purely 
encrusting. Other areas may be completely covered by a small flat shell, Anomut, hidden 
under a thin coat of Lithothamnion. Corals are not uncommon, being exposed on the retreat 
of a wave and extending below this level for several fathoms. The principal coral species 
are two of Pocillopora, of forms obviously different from those of Panama, and one £ ontes. 

All have peculiar growth forms, occasionally in the case of the former, generally in the latter, 
which indicate local adverse conditions, probably the rasping action of the sharp sand wine i 
is characteristic of these inlets. Thus a large dark brown species of Pocillopora with broad 
branches may occur as regularly branching colonies, or the branches may be flattened into 
plates placed parallel to one another, or a remarkable form may be assumed m which the 
long side branches creep almost horizontally over the substratum, the central ones wine i 
should grow upwards being aborted, thus giving to the whole the appearance of a giant hchen; 
this may occur on both vertical and horizontal faces of the rocks (see figs. 2 and 8 on L late). 
Another abundant Pocillopora has more slender branches and is of a light yellow-brown 
colour, the colonies forming hemispheres of closely packed branches about the size of the 
first species; a third species resembles the normal form of No. 1, but is a uniform dark green 
in colour, and is rare (Plate, fig. 4). The strange inverted cone form of Pontes (Hate, 
fig. 1), which is a common and characteristic coral of the Marquesas, and quite new m my 
experience, was first seen just outside Taa Hu Ku Bay. On sending down a diver tor what 
appeared to be a vase- shaped Turbinaria , or such plate-like coral, what was my astonishment 
to see him struggling with a solid, heavy mass and produce a Pontes. Such a thing was 
utterly unknown in my previous experience, but Professor Gardiner tells me that he has 
seen it once, on a muddy bank on the Chagos bank in the Indian Ocean. It is evident that 
this form is assumed in consequence of the rasping action of the sharp sand, just as the corym- 
bose (stalked) bouquet-like species of Madrepora, gain the immense advantage of support 
above the sea bottom, a point which is further discussed in my account of the reefs of 

Tabltl 

Arakei Island, off Atuona, was explored in the hope of finding more flourishing coral growth 
away from possible detrimental influences from land, but even here corals never cover the 
bottom, and only the same species are to be seen. The yellow Milleporc j however, reaches a 
further development, sending up spatulate branches a foot or so high, and becoming the facies 
known as M. truncata. This may again develop into another facies, m which large, flat, vertical 
branches are set into a rough honeycomb, the cells of the “ combs ” being, say 4 inches across, 
and in other localities this form makes masses of great size which are important constituents 


v: 
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of certain reefs. All, as Hickson suggested, belong to the same species in spite of these 
apparently wide differences (Plate, figs. 5 and 6 and legend).* 

Other species were found about Taa Hu Ku only as rarities, Pontes lichen forms small 
thin incrustations in shore pools, combined with the same Serpulid Bispira as occurs in the 
lithothamnion crust over the rocks and is found only in such combinations, and a massive Pontes, 
common in other places, was seen only once here. A third species was found only in a pool 
on the broader shore shelf near Atuona, as a low, flat-topped cylinder, so much decayed in 
the centre that the living part forms a sector of a ring on one side; this has resumed growth 
on the inner side of the ring. Near this is a series of small hemispherical colonies of the same 
species, apparently independent but set in a circle in a way that shows their origin to have 
been from a cylinder like that just described, the centre of which has wholly disappeared, 
leaving portions like that on the side of the first specimen, which have resumed growth as 
independent colonies. These details are given as illustrating the fact, which the whole 
investigation of the coral fauna will emphasise, that not only is the fauna restricted beyond 
all hope of any normal reef formation, but also that half the fauna is here but as a remnant 
struggling against adverse conditions. This is due not so much to the failure of species to 
reach these, the outermost of the Pacific Islands, as to the impossibility many species find 
in establishing themselves. The same thing applies to the other groups of which collections 
were made. 

The bottom of the bays, like the beaches at their heads, are nearly barren. They are 
floored with a black sand of a clean, sharp character. The dredge brought up nothing but 
some small Prosobranch mollusca, an Anomia, and masses of the gelatinous polyzoan Zoo- 
botryon, no weeds, corals, large shells, or stones. It is difficult to account for the coral material 
after the death of the polyps, none being incorporated into the beach; presumably some 
reaches the bottom of the rocks where it may be rapidly buried in sand, but the absence of 
visible deposits is striking after their comparative abundance in Panama, where growth is 
no more vigorous and the number of species still less. 

Other beaches do contain some coral. At Hana Iapu on the other and windward side of 
Hiva Oa, Chubb found corals thrown up in sufficient quantity to form a considerable pro- 
portion of the beach, and his specimens show that the corals are the same as on the south side, 
but that that funnel-shaped Porites is present in quantity. At Omoa, in Patu Hiva, there is 
no coral on the main beach, a little on the boulder beach to the south-west, and a considerable 
amount on the beach of finer material under a big cliff farther on in the same direction. ' Here 
half the mass of the upper part of the beach is coral, still hard, not at all rotten, and so much 
rolled that the growth forms cannot be distinguished. The largest piece of Porites was about 
2 feet across, containing Saxicava burrows of exceptional size, exposed by the removal of 
several inches of the whole surface of the coral. 

In Omoa Bay itself there is a conglomerate of rolled boulders at a level of 6-8 feet above 
tide-mark, the cement of which contains Lithothamnia with V ermetus tubes, this being the 
only place where an elevated beach was seen, though other possible occurrences were heard of. 
In a little bay northwards from Omoa Mr Chubb found considerable quantities of coral thrown 
on to the rocky shore shelf, some pieces being 2-4 feet in diameter. 

Most of the valleys are too wet to allow the formation of beach rock at their mouths, 
but deposits were found in dryer valley mouths, such as Yai Tahu (“Besolution Bay”), 
Motopfi; and Bapatoni, in Tahuata Island. At Yai Tahu the beach does not dam the stream, 
the ground behind it sloping gently upwards, and a hole dug 80 yards inland exposed beach 
* 8 - J ’ proc - ZooL 8oc -> lm > p- 246, and Willey’s Zoological Results, Cambridge University Press, 1902, p. 121. 
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material including coral. The stream is small and was practically dry, though there had 
in the night, and the village water-supply is from a spring m h< o i*e 
cliff on the south side of the beach. The sand contains a higher proportion of shell and coial 

than usual Beach sandstone flats are found at low water, a small patch on ie noi ' 

"^btch, while the whole of the south beach has a 

out under water, giving the bay a strangely regular and almost smooth bottom 

in deeper water ending in 
tongues with shallow fissures 
between them. Coral is abun- 
dant, the big brown Pocillopora 
in regularly shaped colonies, 

Pontes both the brown funnel 
shaped and the rounded whitish 
species, with honeycomb like 
masses of Millepora almost 
covering the bottom. It is 
evident how little more coral 
accumulation, either by in- 
creased growth or less active 
destruction, would convert this 
into a reef. It was here too 
that the gradations between the 
funnel-shaped Povites and the 
usual dome shape, as sketched 
in fig. 9, were first seen. The 
last stage is in growths 12-18 
inches each way, but these lead 
directly to the great heads of 
Controller Bay and Tai 0 Hae, 
in Nuka Hiva Island, in the 
northern division of the group. 

Controller Bay is the deepest 
and most fjord-like in the group, 
and is, according to Chubb, the 
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s is a swamp of “ Purao ” Hibiscus (. Pantium ) tihaceus. 


and is, according tu vxxumo, vnloanic cones . Its divisions, and 

submerged part of the moat between inner J / fi g\ rp hey are peculiar through 

the little living coral deposits, are shown _on ^the map ^2* oompLble to those ooimnon 
the development of the young, having their 

in coral seas, measuring ' , • enrface. It is also remarkable that the 

tops dome-shaped, not flattened y rear i g b , no t present, and there are 

ordinary forms of this species, such as fig.1 fa ,/ in coral 6Colog y, that 

very few small colonies such as fig. 5. ■ un der special conditions 

the settlement and survival of coral arvte o • ’ snecial conditions have passed, 

can a reef be founded, though its growth may go on the P dimax 
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of Montipora is abundant in this bay, and only here. Millepora is less abundant than usual, 
but generally forms masses rivalling those of Pontes, a development also found in Tai 0 Hae 
Bay. At the point marked by an arrow the big Pontes heads stand alone, but southwards 
is a continuous flat, without a raised edge. This is composed of large dead branches of 
Pocillopora, some of them in position of growth, with a few small living colonies, and in places 

the outer slope is similar. Lithothamnia 



Fig. 9. — Marquesas. Porites, Diagrams of the stages between the 
funnel-shaped form and the large cylindrical head. (1) The funnel 
form, typical of localities of restricted growth ; (2) The same on a 
vertical rock ; (3) Rudimentary upward growth ; (4) and (5) Stages 
leading to the fully formed cylindrical head (6) found in Controller 
Bay and Tai 0 Hae. 


are abundant, though not so conspicuous 
as on the shore shelf, forming loose nodules 
with pieces of coral as nucleus, or excep- 
tionally a pebble of basalt; the coral 
Psammocora forms rather similar pieces. 
The Lithothamnia here again fail in their 
role of cement and there is no Polytrema, 
etc., to assist, nor do sponges and ascidians, 
which in many reefs help to keep loose 
materials together. The reef gradually 
tails off southward into a flat with 2 to 3 
fathoms of water over it, covered with 
corals and their debris ; lava boulders soon 
appear, and it is evident that the deposit 
is only 12 to 18 feet thick, built upon a 
shelf at about this depth. The other 
patches, b, c, and e, were all visited and 
their coral origin verified ; all are essen- 
tially like the first. The whole bay was 
searched for other occurrences by paddling 
round its shores with a water-glass, a slow 
method, but one insuring that no detail 
shall be missed. On reef c were found 
the only specimens of Fungia seen in the 
Marquesas. 

Coral growth on these patches is 
abundant, but not more so than at other 
places where no reef has resulted, and 
clearly these reefs exist rather through 
the preservation of the dead coral than to 
any exceptional vigour of its growth. 



MW 


All the reefs occur on the west side of the hays. Not only are there no patches, however 
small, on the east side of Hanga Haa, but coral is Comparatively scarce and its debris seems 
to be completely removed. Apparently suitable foundations for reefs are present all along 
the shore, hut Millepora alone has been successful in covering the rounded boulders, and this 
is poorly developed, only occasionally sending up ill-developed branches. At the end of the 
point / conditions seem ideal for coral, the visibility extending to 5 fathoms as against 1 J to 
2 at numerous points inside the hay, but they are no better developed here. Near the head 
of Huumi Bay is a little break in the cliffs and a beach recalling that at c in Haka Paa, and 
here there is a small reef, but more submerged and less regular at the edge, which is marked 
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The bottom of Hanga Haa seems to be exactly like that of Taa Hu Ku, i.e. fine volcanic 
sand with very little life. A large bucketful of muddy sand was passed through a fine sieve 
and gave a small spoonful of .broken shell, and not a single worm. By keeping the trawl 
more on the surface a mass of Zoobotryon, some small prosobranch molluscs, and Anomura, 
were obtained exactly as at Taa Hu Ku. 

Very similar coral banks were found in Tai 0 Hae Bay,* but the coral flat definitely 
inserted on the chart of 1844 no longer exists. There are massive heads of Porites, mostly 
dead or half-dead, and bearing quantities of Halimeda and some Pocillopora. The other corals 
present are Pocillopora 1 , both normal and palmate forms, with Nos. £ and 5 of the list below, 
Montipora in sheets only, without the upper fan-like portions seen in Controller Bay, and 
Millepora in large masses, which, like the Porites, are often dead. There are clear indications 
that a coral flat did exist here at the time the chart was made, vindicating the extreme accuracy 
with which French surveyors worked in all their oceanic establishments, but it has collapsed 
through undermining, the bottom being covered with masses of flat rock, lying at an angle 
with the horizontal. Ashore is a quantity of conglomerate in the same condition formed of 
a mixture of volcanic sand and pebbles, coral, and shells. There is more growing coral on the 
east side of the bay, but no reef, nor trace of one having existed. I learned of patches in the 
adjacent Tai Oa Bay quite similar to the above from Col. Kelsall and Mr Chubb. 

The shore pools of Tai 0 Hae Bay were found to be extraordinarily rich in comparison 
with localities previously seen in these islands. Hydroids and Polyzoa, for instance, had been 
practically absent hitherto, yet here were several species in abundance, particularly a Pennaria 
which covered much of the area of many pools, and which, in appearance at least, seems to 
be the same as that found in all my collections. The Opisthobranch mollusca are usually 
collected species by species, often with long intervals between each find, yet here no fewer 
than nine species were collected from one pool, followed by others on succeeding days. This 
had struck me as a phenomenal occurrence in the Galapagos with their rich continental fauna, 
but it is much more significant when met in these most isolated of oceanic islands. The usual 
difficulty in getting a canoe-man here was overcome for me by Colonel Kelsall’s volunteering 
to dive for corals and weed. A quantity of Halimeda, from one of the Porites heads, gave an 
interesting fauna of green animals, a small crab, an amphipod, a little Elysia (Sassoglossa, 
Nudibranch), green as usual but without the characteristic coloured border, and a Cceloplana. 
The crab carries Halimeda leaflets, but its body is bright green also, and is flattened, so that 
it matches the Halimeda in shape as well as colour. Other members of the fauna were not 
green. 

The largest coral growth in the Marquesas is found at Hana Iievane on the north-east 
coast of Tahuata near the west end of the straits between this island and Hiva Oa. Its geo- 
graphical position gives it shelter, and the character of the adjacent land shows that inter- 
ference with coral growth by fresh water is at a minimum; at Omoa, too, it was noted that the 
valley above the possibly incipient, possibly reduced, coral deposit was dryer than usual. 
This part of Tahuata Island is so dry as to be almost desert, only the valley mouths being 
productive, and the oases they make are poor in comparison with the richness we had come 
to associate with Marquesan valleys. The hills are low and comparatively tame, the scenery 
and coast recalling the south of Fifeshire, but the bare hills are not green with grass but with 
a succulent edible plant which appears in places in the Red Sea deserts after rain. Both at 

* I owe the opportunity of examining these, and the large additions to my collections made here, to the very kind hospitality 
of the Rev. Pere Simeon Delmas, whose large collection of Mollusca corroborates the contention that prolonged work here might 
modify our views on geographical distribution in oceanic islands. 
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Hana Hevane and the more extensive bay at Motopu the stream only flows after rains, the 
inhabitants of the latter, and the solitary guardian of the coconuts at the former, being 
dependent on springs, that at Hana Hevane being on the seashore and only accessible when 
the tide is half down. 

Three of us stayed with our solitary friend (an elderly Tuamotuan named Pascal, a 
gentleman already celebrated in some of the romantic South Sea tales), and so made a detailed 
examination of the reef. 

The reef stretches across a little bay, well within the heads, and encloses the inner part 
of the bay as lagoon, 2 fathoms deep and small in proportion to the width of the reef. It is 
broken by a canal -like passage near the north side, 2 fathoms deep seawards, 1 lagoonwards; 
the outer slope is gradual, descending to the bottom of the bay, which is 5 fathoms deep at 
its mouth. The surface exposed at low tide is broad, but the whole has grown at its present 
level, there has been no planing down by the sea. In places settlement has opened cracks, 
and near the edge are spaces not yet filled in, and these are bordered by new growth of Pontes. 
A broad band of stones occupies the highest part of the flat, the larger of coral, the smaller 
being volcanic boulders. The former are irregularly weathered, not rounded like those found 
on the beaches,' black, and covered with small angularities like the stones found on the reef 
edge of Zanzibar, but distinguished from them at the first stroke of the hammer, the latter 
being very hard remnants of recrystallised elevated coral, these being unaltered Pontes which 
recently grew on the reef edge. They reached their present position as the result of quite 
abnormal weather, none being found which had not lain here for years. On the inner side 
banks of Pocittopora branches, on the surface at least loose and uncemented, slope into 
the lagoon. The small volcanic boulders are not part of an underlying spit forming the 
foundation of the reef, but all lie upon the coral to which they are organically cemented, and 
into which they may be more or less sunk. They are derived from the beach, from which 
they have travelled over the coral more or less at right angles on the shore, a phenomenon 
probably of more importance on other reefs, e.g. those of Tahiti. 

The main mass is composed of Porites 2a, with additions due to a plentiful growth of 
Pocittopora upon its outer slopes. This Porites does not grow as a collection of isolated heads, 
but as a continuous mass, and may possibly be one enormous colony, yet another novelty of 
coral growth to add to the list of novelties collected on the voyage of the St George. Porites 
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winds have prevailed for a time. n w tn „ nra i ree f s elsewhere, have been 

These reels, which certainly are not comparable to ® and ft ; ories which 

described at inordinate length, part y on accoun account of what actually is 

have been written on the * ecology, and a 

there, and because they seem to the ' . tlirow light on wider questions. 

simplified case of coral formation whic ma y P ^ 1 balance may turn to accumulation under 

In spite of the " of such rudiments as 

special conditions, the chief of which, as J , guch conditions been more 

occur, are shelter and the absence of fresh ^ the patches actually found, 

frequent in the group, leading to ex ensive e] a Davis points out, must he 

Jshould be no nearer to the formation o ^ ^^reservation to the 

able to resist the ocean surf. Indeed th _ P » ^ 7 te of itg we ight and solidity, m 

protection afforded by growth of massive o » ’ ting organisms are essential 

all seas is an inhabitant of sheltered water. “ “ exist, they fail in 

to the formation of a surf-resisting reef, an simply a phenomenal growth 

their binding action. The reef auSilry. ’ It re possible that 

of a species of Pontes, to which the otl t0 a s i ng i e ovum. There is perhaps 

the whole structure is one colony and owes its existenc t g latitude 9 ° 0 ' S. is 

significance in the fact that the coral fauna of the northern ^ ^ 

richer than that of the southern, whic are e peculiar interest in respect to reef for- 

The total coral fauna of the Marquesas, being The gpecieg ^ re i ndica tedby 

mation and to geographical . 0atalogM , the corals, with the exception 

“CCbel”o genera which have not yet been determined as to specs by mono- 

graphs on modern methods. •. ? branches whitish or pink. Branches 

8 -PociUopora. — Sp. 1. Dark chocolate brown ends of “swh 1^ ^ 

thick and colonies large 2 or “ f j a regularly 

grows in three forms, (a) normal, blanches “™‘ n » « , / 

shaped growth, Q>) with branches broadened and flattened ab 
normally at their ends and placed parallel to one another (c) tl 
“lichen” form, in which the onter branches are applied to t 

growing bright pink form ^ I nterpret as a colour vana 
Sp. 3. Very small, delicate, pink in colour, b J 

pool at Vai Tahu. r<A i ninr Possibly only a colour-variety 

Sp - 4 ' Li oi ( 1 ), tat to branches are longer in proportion and looser in 

Sp. 5 . wrZT^lHta/of'the branches hearing long spine-like 

processes (seen only onc^e)^ ^ ^ text _ fig . 9 as varying in 

Porites. Sp. 1. from sffi ali inverted cones to great cylindrical 

rv.ir.nr brown or vellow -brown. 
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Parties.— Sp. 2. Colour whitish or grey, forming rounded masses, generally resembling 
small boulders. 

Sp. 2a. The species of the reef of Hana Hevane, whether distinct from the 
preceding or not, was not decided. The surface is bluish white 
but the shaded parts are brown. 

Sp. 3. Porites lichen. As thin incrustation only, sometimes with pointed 
projections. Colour greenish or yellow-brown. 

Psammocora. — Only one species, as loose nodules, rare. 

Monti pom, — One species only, in sheets, sometimes with upper fan-like sheets above the 

one in crusting the rocks. Colour brown, upper surface spiny. 
Distribution local. 

Fungia, — Four small specimens only were seen, and those at one place. 

There may be also an Astrean, occurring as small incrustations, but as no specimen was 
secured this remains doubtful. 

The whole coral fauna thus consists of four or five species of Pocillopora, three or four of 
Porites, and one each of Psammocora, Montipora, and Fungia, only five genera, a complete con- 
trast to other coral seas. Further, of these few species only five are of any importance, viz. 
Pocillopora 1 and 2, Porites 1, 2, and 2a, and of the remainder Pocillopora 4 and Pontes 3 are 
fairly common, but do not add to any of the accumulations seen, the Montipora is abundant, • 
but only present at all in two localities, while Pocilloporas 3 and 5, the Psammocora, and the 
Fungia are rarities, i.e. five out of the ten or twelve have succeeded in obtaining a foothold 
and no more. The whole immense genus Acropora ( Madrepora ), one of the chief of reef 
builders in modern seas, and of the first importance in the Society Islands especially, is entirely 
absent, the Astreans are possibly present as one insignificant remnant, Galaxea, Mussa, and 
all its allies, besides all the hosts of less abundant genera, are not to be found. The Alcyonaria 
too are absent, both fleshy and hard forms, including that almost universal constituent of a 
coral fauna, Tubipora. The fact that half of the species present are here, but as rarities, 
suggests that the poverty of the fauna is due as much to adverse conditions as to the isolation 
of these islands in the ocean, a supposition which receives further support from the coral 
fauna of Tahiti. One adverse condition is certainly the rasping motion of the sharp sand over 
the bottom, which effectually prevents the settlement of larvae. Its effect is shown also in 
the abundance, in the southern islands, of the funnel-shaped Porites, this form having been 
evolved to support the bulk of the colony above this destructive action, just as has the stalked 
or the corymbose group of species of Acropora. At Yai Tahu the numerous small colonies of 
this form of Pontes indicates a periodic destruction of the corals and of their dead remains. 
The abundance of Millepora and its form of growth is another indication of the effect of sand, 
since two localities in Tahiti, to be described later, clearly show that Millepora is the last 
survivor when the reef corals are destroyed. As regards temperature many more observations 
are necessary, as an occasional fall might have the same effect upon corals as a permanent 
difference. The temperatures of the surface waters between the islands were between 26-6° 
and 27-2° 0., and beyond Napuka Atoll, 27 , 7° C., differences probably of not much significance. 

Napuka Atoll with another named Tepoto, are distant outliers of the Tuamotu Archi- 
pelago to the north-east. It is described by the “Bailing directions” as the most primitive 
of the group, the inhabitants still being only partially clothed and living upon dogs and the 
fruit of the Pandanus. 

\Ve found that the atoll has been taken over by a commercial company of Tahiti and 
planted with coconuts, the natives supplied with pigs and the blue trousers inseparable from 
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French civilisation. The people are not Tuamotuans but Marquesans, the descendants of 
the crew and passengers of a big canoe which was blown out to sea, and was one of the lucky 
ones which found, and colonised, yet another of the Pacific Islands. 

As the outline chart shows, the atoll is somewhat triangular in shape, containing a lagoon 
into which there is no opening. The islands are reduced to sandbanks on the windward 
side, elsewhere they are 12 to 15 feet high, with white coral beaches, above which the surface 
is composed of dark grey clinker-like pieces of coral. The reef is awash between the islands, 
and bears numerous masses of reef rock. The lagoon is shallow and full of shoals, which are 
stated in the sailing directions to project above water as rocks. We found those which we 
were able to see to be covered with “Stags’ Horn” 

Acropora, but the rocks, which we had hoped to find 
so interesting, were merely heaps of Tridacna shells, 
the flesh of which had been used for food. We had 
time to explore only the western (i.e. leeward) of the 
islands. On landing, the narrowness of the reef and 
its flatness, i.e. the absence of any hollowing out into 
a channel, impressed me as striking differences to any 
I had seen. The reef here is a mere step, about 20 
yards wide, and it does not exceed 50 yards in width 
anywhere along this island except at its ends; in 
other words the land has covered the reef practically 
to its edge. There is no coral on the reef flat except 
Pontes lichen, as thin crusts which are easily detached, and are often found on the beach. 
There are a few small colonies of Pocillopora on the outlying buttresses, and lithothamnion 
is present in quantity only on these, and in the furrows of the reef edge. The flat itself 
is of a bright pink colour, but this is due to a small red confervoid weed. The flat is 
due to erosion, its rock is hard and smooth, and in places shows corals in section in 
its surface. The furrows are due to erosion, they are not spaces between outgrowing 
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Fig. 11. — Diagrammatic section of the reef and beach of Napuka Atoll. A, the coral-covered slope ; B, the 
barren erosion flat; 0, the higher flat, planed off when sea-level was higher; I), slabs of beach sandstorm; 

E, loose coral and sand ; G, Xerophytic coral beach flora ; F, the island, composed of coral “ clinkers ” 
bearing coco-palms at H. Beef-rocks thrown up by storms not shown. 

tongues, and the edge often overhangs, to which undermining may be attributed the 
numbers of slabs of coral rock thrown up on to the reef. The corals in these are in position of 
growth relatively to one another, but the whole is overturned ; the larger pieces may measure 
10x6x4 feet high. Remains of an original flat from which this is being eroded are to be 
seen around the point marked A at a height of 1 or 2 feet above that of the present flat as 
shown in the diagrammatic section of fig. 11, and another exposure at about the same level 
exists in a depression in the southern end of the island near the lagoon. These indicate a 
pause in the lowering of the ocean surface, during which an elevated reef was planed com- 
pletely down, leaving no traces here such as have been described by Dana in other atolls 
of the group. 




Fig. 10. — Napuka Atoll. Island shaded, sandbanks 
dotted. The lagoon is shallow and full of shoals 
not charted. A and B, points referred to in the 
text. X , landing place. 
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There are large quantities of beach sandstone between the points A and B, great slabs 
covering the beach as in the sketch. Some of the lower layers of the rock show the grooving 
made by rain, the grooves passing under the next layer above, indicating the removal of 
overlying material a 2 d the formation of fresh strata. We have here the typical conditions 
for t his rock, viz. seepage from the land in place of running water, this seepage being already 
charged with CaCo 3 and C0 2 , and the. above observation shows that the consolidation of the 
beach takes place in a shallow surface layer over already formed and generally impervious 
rock, as is described by Gaedinee in The Fauna and Geography of the Maidive and Laccadive 
Archipelagos. 

The origin of the abundant coral debris which forms the beach and island is the slope 
below the cliff of one or two fathoms of the reef edge, which is covered with living corals as 
far down as X could see. It reaches the beach only m exceptional weather, in northerly or 
westerly storms. The south-east trade was blowing a gale at the time of our visit, but the 
surf merely flooded the flat and lapped the base of the beach. 

To the lagoon side the island descends in a gradual slope, becoming more sandy until 
the .lagoon shore is completely of sand. There is no beach, and no distinction between the 
island and lagoon flat but the cessation of vegetation, and an almost imperceptible rise of 
level in the sand was occupied by vegetation forming a little island — -it is evident that accumu- 
lation is in progress here, and the vegetation is extending slowly into the lagoon, while the 
shallowness of the lagoon and the number of shoals in it indicate that it is filling up. 

The south end of this island has been formed more recently, and shows a succession of 
distinct beach summits as ridges parallel to the shore, which are of interest in showing stages 
in the formation of the cinder-like coral shingle which make the mass of the island. The 
newer beach is formed of coral branches in which the effect of solution by rain is very evident, 
all the smaller branches, with much of the surface of the larger, being removed, yet leaving 
the shape of the coral recognisable. In the older beaches, where the process has gone farther, 
it is less evident that it is the result of simple solution, as the pieces have become so altered 
that, without the evidence of the earlier stages, other causes for the effect might be given. 
That this process is a very slow one, while the consolidation of beach conglomerate is rapid, 
will be shown in my description of Tahiti. 

I wish to thank the Managers of the Balfour Fund of the University of Cambridge for 
enabling me to buy the collecting apparatus used, and several firms for presenting to the 
owners of the S.Y. St George, bottles, jars, and reagents, of which I was the principal user. 
The spirit was provided by the British Museum. 

EXPLANATION OF PLATE. 

Marquesan Corals. 

Fig. 1. The funnel-shaped Porites characteristic of the southern group of these islands. This specimen 14 inches 

across the disc, 

Fig. 2. The “ lichen form ” of the brown PociUopora, with long horizontal branches and aborted central branches. 
Length 18 inches. 

Fig. 3. PociUopora 1 with flattened parallel branches. In this specimen some are overgrown with a lithotham- 
nion at the ends, the black dots in which are the openings of Vermetus tubes. 12 inches across. 

Fig. 4. The green form of ? Pocillopora. 

Fig. 5, Milkpora of the facies IrunmUi. Abundant in the Marquesas, but this specimen is from Tahiti, where 

it was the only one seen. Scale in inches. 

Fig. &. MiUepora of the honeycomb facies. This specimen 14 inches across. 
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